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Anatomy and diagnosis of ankle fractures 
The estimated incidence of all ankle fractures is 187 per 100,000 people 
each year in the Western world and happen twice more often in men (2:1)
1
. 
Approximately 40% of ankle fractures are sustained in sports activities, 30% in 
traffic, 20% at home, 5% at school or work and 5% in other circumstances
2
. Ankle 
fractures are articular fractures, therefore treatment focuses on restoration of joint 
anatomy to stimulate primary osseous healing and prevent the formation of intra-
articular callus. If closed reduction of displaced fractures fails, an operation is 
needed the restore the intra-articular anatomy. An operation often achieves 
sufficient stability to allow early functional aftertreatment to exercise and 
sometimes even weightbearing is allowed. In general stable undisplaced fractures 
can be treated with closed methods such as a plaster cast. Unstable displaced 
fractures often require open reduction and internal fixation. Joint stability is a 
result of bony joint configuration and ligamentous support. The ankle joint consist 
of three bones: the fibula (lateral malleolus), the tibia (medial malleolus and tibia 
plafond) and the talus. Three major ligamentous complexes are stabilizers of the 
ankle joint: the syndesmosis and the medial and lateral collateral ligaments (figure 
1). The energy creating a fracture can compromise both joint configuration and 
ligamentous stability. In theory, more energy leads to more damage, which results 
in more instability.  
Figure 1 
 
The lateral complex: 
1. anterior talofibular ligament 
2. calcaneofibular ligament 
3. posterior talofibular ligament 
The medial complex consists of the deltoid ligament which has four parts: 
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4. anterior tibiotalar part 
5. tibionavicular part 
6. tibiocalcaneous part 
7. posterior tibiotalar part 
The syndesmosis: 
8. anterior inferior tibiofibular ligament 
9. posterior inferior tibiofibular ligament 
10. inferior transverse tibiofibular ligament 
11. interosseous membrane and interosseous ligament 
 
In common clinical practice history taking and physical examination are 
the first diagnostic steps. After applying the Ottowa Ankle rules
3
, patients 
suspected for a malleolar fracture, the next diagnostic step are plain radiographs 
consisting of anteroposterior, lateral and mortise views. The Ottowa Ankle Rules 
consist of five basic rules to discriminate which patients have a high index of 
suspicion for an ankle fracture. These five rules are (1) the inability to walk four 
steps, (2) pain when palpating the last 6 cm of the lateral malleolus, (3) pain when 
palpating the last 6 cm of the medial malleolus, (4) pain when palpating the  base 
of the fifth metatarsal bone, and (5) pain when palpating the navicular bone. When 
one of these five items is present, an radiograph is indicated to look for a fracture. 
The Ottowa Ankle Rules have lead to a reduction in radiographs of 28%
3
. 
Nevertheless, the sensitivity remains 100%
3
. Recently, ankle stress radiographs 
have become more common practice to determine instability more accurate. 
Cadaver studies have shown that the best stress position for the ankle to detect 
medial ligament rupture is dorsiflexion combined with external rotation
4
. A medial 
clear space of more than 5 mm probably reflects deep deltoid ligament fibers best
4
. 
It must be noted that medial tenderness is not always accompanied with a deltoid 
ligament rupture leading to medial clear space widening in ankle stress 
radiographs
5
. However, the use of ankle stress radiographs has become part of 
standard procedure in the work up of ankle fractures in some hospitals
6
. 
Subsequently ligamentous injury and fracture pattern are traced back 
from the fracture line and fragment dislocation in addition to the physical 
evaluation. Determination of fracture lines and fragment dislocation on plain 
radiographs together with physical examination findings might be helpful in 
predicting the precise trauma mechanism of ankle fractures. It is assumed that 
ankle fractures which are accompanied with a clear medial space widening of more 
than two mm on the mortise views are considered unstable and require surgical 
reduction and fixation
7-10
. However, such a cut off point is a simplification of reality 
and suitable for practical purposes only. A lateral talar dislocation of only 1 mm 
results in an average reduction of 42% of the contact area between talus and 
tibia
11
, which results in severe peak loads. It is assumed that such peak forces lead 
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to secondary loss of cartilage, which in turn increases the risk of posttraumatic 
arthritis. 
 
Classification of ankle fractures 
Using experimental cadaver studies Lauge Hansen
12-17
 offered more insight 
in the various fracture mechanisms and developed a classification system that is 
still broadly used. The 17 different types of Lauge-Hansen describe the majority of 
all ankle fractures. The Lauge Hansen classification describes the trauma 
mechanism and combines the position of the ankle with the direction of the force. 
Five categories are known: supination external rotation, pronation external 
rotation, supination adduction, pronation abduction and pronation dorsiflexion 
(axial loading). Each category is subdivided depending of the severity of the injury 
(table 1). However, there are some specific fractures with are not taken into 
account in the Lauge Hansen classification
18-20
. The Lauge Hansen classification has 
been matter of debate in the past. Some authors claim a poor correlation between 
trauma mechanism, radiological injuries and findings on MRI
21-22
 and opponents 
consider the classification to elaborate for daily use. However, the classification is 
still absolutely essential for a theoretical understanding and balanced treatment 
protocol. For instance, without the theoretical distinction between the supination 
external rotation type II and supination external rotation type IV ankle fractures, 
there is no solid base to decide whether to perform conservative or operative 
treatment. The Weber classification is an anatomical classification of the level of 
the fracture of the fibula
23
. Unlike the Lauge Hansen classification it does not take 
medial and posterior injury into account, nor does it describe the trauma 
mechanism. This makes the Weber classification easier to use than the Lauge 
Hansen classification. The trauma mechanism injury classification of Lauge-Hansen 
and the anatomical classification of Danis and Weber
23-24
 (table 2) have been 
combined in the AO classification system
25-26
 (table 3). The AO classification system 
is an extensive, but complete overview of all malleolar fractures and was also 
adopted by the Orthopaedic Trauma Association in the United States.  
There have been important changes in the treatment of fractures in the 
past decades. Due to lack of knowledge and proper operative techniques, ankle 
fractures have been treated with immobilisation in a plaster cast for a long time. 
There have been important changes in the treatment of fractures in the past 
decades. Due to lack of knowledge and proper operative techniques, ankle 
fractures have been treated with immobilisation in a plaster cast for a long time. 
Due to the experiments of Lauge Hansen there was an improved understanding of 
the pathophysiology and new treatment techniques have been developed. 
Currently, in common practice the vast majority of infra-syndesmotic, AO (Weber) 
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Table 1 The Lauge Hansen classification 
Type of injury 
Foot position / direction of force 
Pathology 
supination adduction 1. Transverse fracture fibula at or distal to the level of the 
tibiofibular joint / tear of collateral ligaments 
2. Vertical oblique fracture of the medial malleolus / tear of 
the deltoid ligament 
supination eversion (external rotation) 1. Disruption of the anterior tibiofibular ligament or an 
avulsion of its tibial attachment (Tillaux fracture) of fibula 
attachment (Wagstaffe – Le fort fracture) 
2. Spiral, oblique fracture of the distal fibula. The fracture 
line runs from proximal posterior to distall anterior at a 
variable distal from the tibiotalar joint 
3. Disruption of the posterior tibiofibular ligament of 
fracture of the posterior malleolus 
4. Fracture of the medial malleolus or rupture of the deltoid 
ligament 
pronation abduction 1. Transverse fracture of the medial malleolus or rupture of 
the deltoid ligament 
2. Rupture of the anterior and posterior syndesmotic 
ligaments or avulsion fracture of their insertion(s) 
3. Short, oblique fracture of the fibula 0.5-1 cm above the 
distal articular surface of the tibia 
pronation-eversion (external rotation) 1. Transverse fracture of the medial malleolus or disruption 
of the deltoid ligament 
2. Disruption of the anterior tibiofibular ligament may 
avulse its tibial attachment (Tillaux fracture) 
3. High oblique, spiral fibular fracture. No fracture is less 
the 2.5 cm above the tibiotalar joint. The fracture patern 
runs from proximal anterior to distal posterior. The fibula 
may fracture proximally at the neck (Maisonneuve fracture) 
4. Rupture of posterior tibiofibular ligament or avulsion 
fracture of the posterolateral tibia 
pronation dorsiflexion / pilon fracture 1. Fracture of the medial malleolus 
2. Fracture of the anterior margin of the tibia 
3. Supramalleolar fracture of the fibula 
4. Transverse fracture of the posterior tibial surface 
 
Table 2 The Weber classification 
Type Fracture description 
A Fibula fracture below the level of the syndesmosis 
B Spiral oblique fibular fracture starting ventral at the level of the tibiotalar joint running to 
proximally dorsal remaining the sysndesmosis intact 
C Fibula fracture above the level of the syndesmosis, and may be as high as just below the 
fibular head (Maisonneuve fracture) 
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Table 3 The AO classification (malleolar segment type 44) 
Category A Injury below the level of the distal tibiofibular syndesmosis (infrasyndesmotic) 
A.1 
      A.1.1 
      A.1.2 
      A.1.3 
Isolated infrasyndemotic lesion 
Rupture of the lateral collateral ligament 
Avulsion of the tip of the lateral malleolus 
Transverse fracture of the lateral malleolus 
A.2 
      A.2.1 
      A.2.2 
      A.2.3 
Infrasyndesmotic lesion associated with a fracture of the medial malleolus 
Rupture of the collateral ligament together with a fracture of the medial malleolus 
Avulsion of the tip of the lateral malleolus together with a fracture of the medial 
malleolus 
Transverse fracture of the lateral malleolus together with a fracture of the medial 
malleolus 
A.3 
      A.3.1 
      A.3.2 
      A.3.3 
Infrasyndesmotic lesion together with a postero-medial fracture 
Rupture of the lateral collateral ligament together with a postero-medial fracture 
Avulsion of the tip of the lateral malleolus together with a postero-medial fracture 
Transverse fracture of the lateral malleolus together with a postero-medial fracture 
Category B Injury at the level of the distal tibiofibular syndesmosis (transsyndesmotic) 
B.1 
      B.1.1 
      B.1.2 
      B.1.3 
Isolated transsyndesmotic fibular fracture 
Simple fracture of the fibula 
Simple fibular fracture with a rupture of the anterior syndesmosis 
Multifragmentary fibular fracture 
B.2 
      B.2.1 
 
      B.2.2 
 
      B.2.3 
Transsyndesmotic fibular fracture with a medial lesion 
Simple fracture of the fibula with rupture of the anterior syndesmosis and a rupture of 
the medial collateral ligament 
Simple fibular fracture with rupture of the anterior syndemosis and a fracture of the 
medial malleolus 
Multifragmentary fibular fracture with a medial lesion 
B.3 
      B.3.1 
 
      B.3.2 
      B.3.3 
Transsyndesmotic fibular fracture with a medial lesion and a Volkmann’s fracture 
Simple fracture of the fibula with rupture of the medial collateral ligament and a 
Volkmann’s fracture 
Simple fracture of the fibula with a fracture of the medial malleolus and a Volkmann’s 
fracture 
Multifragmentary fibular fracture with a fracture of the medial malleolus and a 
Volkmann’s fracture 
Category C Injury above the level of the distal tibiofibular syndesmosis (suprasyndesmotic) 
C.1 
      C.1.1 
      C.1.2 
      C.1.3 
Simple suprasyndesmotic fracture of the fibular diaphysis 
Simple fibular diaphyseal fracture with rupture of the medial collateral ligament 
Simple fibular diaphyseal fracture with a fracture of the medial malleolus 
Simple fibular diaphyseal fracture with a fracture of the medial malleolus and a 
Volkmann’s fracture (Dupuytren) 
C.2 
      C.2.1 
 
      C.2.2 
      C.2.3 
Multifragmentary suprasyndesmotic fracture of the fibular diaphysis 
Multifragmantary fracture of the fibular diaphysis with rupture of the medial collateral 
ligament 
Multifragmantary fracture of the fibular diaphysis with a fracture of the medial 
malleolus 
Multifragmantary fracture of the fibular diaphysis with a medial lesion and a 
Volkmann’s fracture 
C.3 
      C.3.1 
      C.3.2 
      C.3.3 
Proximal fibular lesion (Maisonneuve) 
Maisonneuve fracture without shortening and without a Volkmann’s fracture 
Maisonneuve fracture with shortening without a Volkmann’s fracture 
Maisonneuve fracture with a medial lesion and a Volkman’s fracture 
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type A fractures are treated conservatively and far most supra-syndesmotic, AO 
(Weber) type C fractures are treated by open, anatomical reduction and internal 
fixation. The remainder majority of roughly 50% of all ankle fractures consists of AO 
(Weber) type B fractures which, subject to different treatment trends in the past 
were treated both operatively and conservatively. Among others, but in particular, 
Weber and the Swiss Arbeitsgemeinschaft für Osteosynthesefragen (AO) 
introduced improved implants and operative techniques to obtain perfect 
anatomical repair and rigid fixation
26-31
. These new operative techniques resulted in 
immediate stability and allowed the patient to exercise. Initially the enthusiasm for 
surgical repair of all ankle fractures, even those with minor dislocation, was 
widespread. But later the idea that not all fractures need perfect anatomical repair 
was suggested
32-40
. Conservative treatment with closed reduction and cast 
immobilization can yield good results for certain fracture types. 
 
Outline of the thesis. 
Chapter two is a systematic review about conservative and operative 
treatment of ankle fractures in adults and shows an overview of the high quality 
evidence available nowadays. It discusses the etiology, pathophysiology and 
controversies in current treatment strategies. Chapter three shows the use of a 
mold we developed to obtain more accurate radiographic mortise views of ankle 
fractures in adults and compares the accuracy of these radiographs with 
conventional radiographs taken without a mould. Chapter four discusses the 
consequences of suboptimal physical examination and misinterpretation of 
radiographic findings leading a underestimation of the fracture classification 
resulting in nonunion. It shows that the incidence of these fractures might be much 
higher than suggested in literature. Chapters five, six and seven show the results of 
long term outcome of protocolled treatment of supination external rotation, 
pronation external rotation and isolated posterior malleolar injuries. Based on 
these long term results an advice for optimal treatment is given for these fracture 
types. These long-term results of cohort studies are unique and show interesting 
results. In chapter eight the hypothesis that talar rotation can lead to seemingly 
normal meadial clear space widening on two dimensional radiographs in supination 
external rotation injuries, is examed in a cadaver study. This was a collaboration 
between the departments of Surgery, Anatomy, Radiology and the Orthopeadic 
Research Laboratory. Chapter nine is a general discussion which deals with the 
strenghtnesses and weaknesses of this thesis and gives some ideas for further 
research. Chapter ten is a summary, which is translated into Dutch in chapter 
eleven.   
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Surgical versus conservative 
interventions for treating ankle 
fractures in adults  
 
 
 
 
 
 
 
 
 
 
Based on: CCMA Donken, Al-Khateeb H, MHJ Verhofstad, CJHM van Laarhoven. 
Surgical versus conservative interventions for treating ankle fractures in adults. 
Cochrane Database of Systematic Reviews 2012 Aug 15;8:CD008470 
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Abstract 
The annual incidence of ankle fractures is 122 per 100,000 people. They usually 
affect young men and older women. The question of whether surgery or 
conservative treatment should be used for ankle fractures remains controversial. 
To assess the effects of surgical versus conservative interventions for treating ankle 
fractures in adults. We searched the Cochrane Bone, Joint and Muscle Trauma 
Group Specialised Register, The Cochrane Central Register of Controlled Trials (The 
Cochrane Library, Issue 1, 2012), MEDLINE, EMBASE, CINAHL and the WHO 
International Clinical Trials Registry Platform and Current Controlled Trials. Date of 
last search: 6 February 2012. Randomised and quasi-randomised controlled clinical 
studies comparing surgical and conservative treatments for ankle fractures in 
adults were included. Two review authors independently performed study 
selection, risk of bias assessment and data extraction. Authors of the included 
studies were contacted to obtain original data. Three randomised controlled trials 
and one quasi-randomised controlled trial were included, involving a total of 292 
participants with ankle fractures. All studies were at high risk of bias from lack of 
blinding, and loss of follow-up or inappropriate exclusion of participants put two 
trials at high risk of attrition bias. The trials used different and incompatible 
outcome measures for assessing function and pain. Only limited meta-analysis was 
possible for early treatment failure, some adverse events and radiological signs of 
arthritis. One trial, following up 92 of 111 randomised participants, found no 
statistically significant differences between surgery and conservative treatment in 
patient-reported symptoms (self assessed ankle "troubles": 11/43 versus 14/49; 
risk ratio (RR) 0.90, 95% CI 0.46 to 1.76) or walking difficulties at seven years 
follow-up. One trial, reporting data for 31 of 43 randomised participants, found a 
statistically significantly better mean Olerud score in the surgically treated group 
but no difference between the two groups in pain scores after a mean follow-up of 
27 months. A third trial, reporting data for 49 of 96 randomised participants at 3.5 
years follow-up, reported no difference between the two groups in a non-validated 
clinical score. Early treatment failure, generally reflecting the failure of closed 
reduction (criteria not reported in two trials) probably or explicitly leading to 
surgery in patients allocated conservative treatment, was significantly higher in the 
conservative treatment group (2/116 versus 19/129; RR 0.18, 95% CI 0.06 to 0.54). 
Otherwise, there were no statistically significant differences between the two 
groups in any of the reported complications. Pooled results from two trials of 
participants with radiological signs of osteoarthritis at averages of 3.5 and 7.0 years 
follow-up showed no between-group differences (44/66 versus 50/75; RR 1.05, 
21 
 
95% CI 0.83 to 1.31). We conclude there is insufficient high quality evidence 
available regarding functional outcome, adverse events and cost-effectiveness to 
draw any conclusions regarding surgical or conservative treatment for ankle 
fractures in adults. Good quality randomised trials are required. We conclude there 
is currently insufficient evidence to conclude whether surgical or conservative 
treatment produces superior long-term outcomes for ankle fractures in adults. The 
identification of several ongoing randomised trials means that better evidence to 
inform this question is likely to be available in future. 
  
22 
 
Introduction 
The ankle joint is made up of three bones: the tibia ('shin bone'), the fibula 
(the other lower-leg bone) and the talus ('ankle bone'). The distal (lower) ends of 
the tibia and fibula form a 'saddle shaped' joint on top of and around the talus. The 
specific part of the tibia that curves down and articulates with the inside facing part 
of the talus is called the medial malleolus. The posterior malleolus, which is also 
part of the tibia, is at the back of the ankle joint. The lateral malleolus forms distal 
end of the fibula and articulates with the lateral (or outside facing) part of the 
talus. Situated just above the ankle joint is the 'syndesmosis', which is the joint 
between the distal tibia and fibula held firmly together by ligaments. Together with 
the many ankle ligaments, the three malleoli help to keep the ankle joint stable 
during movement. 
A broken ankle or ankle fracture is when one or more parts of the distal 
tibia or fibula that form the ankle joint are fractured or broken. There will often be 
associated soft-tissue injuries, particularly to the ankle ligaments. Most ankle 
fractures are closed injuries, in that the overlying skin remains intact. Around 2% 
are open fractures (Court-Brown 1998). An epidemiological study of 1500 ankle 
fractures in adults attending Edinburgh Royal Infirmary during 1988 to 1991 
reported an annual incidence of 122 fractures per 100,000 persons (Court-Brown 
1998). Of these, 52% occurred in men. The age distributions of fractures in men 
and women differed. The 58% of fractures that resulted from a simple fall or 
twisting injury tended to occur in elderly women. Conversely, sports injuries, 
mainly from soccer accidents, typically occurred in young men. 
Court-Brown 1998 reported that the 70% of fractures were isolated 
malleolar fractures (predominantly of the lateral malleolus), 23% were bimalleolar 
(often of the medial and lateral malleoli) and 7% were trimalleolar (all three 
malleoli fractured). As well as categorising ankle fractures by location and the 
number of malleoli involved, various fracture classification systems have been 
devised to describe the different fracture patterns and help inform treatment 
decisions. Three commonly used classification systems for ankle fractures are the 
Lauge-Hausen system (Lauge Hansen 1942), the Weber system (Weber 1972) and 
the AO classification system (Müller 1969; Müller 1990). The Lauge-Hansen system 
classifies injuries by the position of the foot and direction of force at the time of 
injury (Lauge Hansen 1942). The anatomical classification system of Danis and 
Weber (Danis 1949; Weber 1972) subgroups fibular fractures as A (below the 
syndesmosis), B (at the syndesmosis) or C (above the syndesmosis) depending on 
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the relationship of the fracture to the syndesmosis. The AO classification system is 
based on fracture patterns alone. Clinical decisions are, however, often made 
without considerations of these formal classification systems and will take into 
account also other aspects such as the damage to soft-tissues and the general 
health of the patient. 
Following closed manipulation to achieve reduction of any displaced 
fractures, conservative management of ankle fractures generally comprises 
immobilisation in a below-knee cast for several weeks. This is to stabilise the 
fracture and allow it to heal. Various methods of immobilisation include casts 
(plaster or synthetic material), walking casts and functional braces. A Cochrane 
review on the rehabilitation of ankle fractures includes comparisons of different 
methods of immobilisation (Lin 2008). 
Surgical treatment involves the reduction (if displaced) of the fractured 
parts and fixation using various devices such as metal plates, screws, tension bands 
or external fixation. These operative techniques aim to provide anatomical 
restoration and immediate stability, which facilitates earlier mobilisation. However, 
all surgery carries the risk of complications such as wound infection, pulmonary 
embolism, implant or fixation failure, mortality, amputation and reoperation 
(SooHoo 2009). For an evaluation of post-surgical rehabilitation interventions, see 
Lin 2008. 
Healing of the bone takes at least several weeks and consists of five major 
phases: induction, inflammation, soft callus formation, ossification and remodelling 
(Koval 2002). For conservative treatment, immobilisation of the fractured parts is 
generally considered to be important for bone healing. However, immobilisation 
can lead to muscle atrophy, cartilage degeneration, and a stiff, painful and swollen 
joint. Also, conservative treatment can lead to secondary displacement, which 
generally requires surgery (Dietrich 2002), painful nonunion (Walsh 2004) and 
prolonged immobilisation. 
With early mobilisation and postoperative exercises these adverse effects 
may be prevented. If operative treatment can protect or accelerate the bone 
healing process by securely stabilising the fracture, it can also reduce recovery and 
'back-to-work-time' and therefore indirect costs to society. This may not be the 
case for older people with osteoporosis because the porosity of their bones may 
increase the risk of fixation failure and thus preclude early mobilisation (Salai 
2000a). 
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Anatomical restoration of displaced fractures is more likely to be achieved 
using surgical methods. A lateral talar dislocation of only one millimetre results in 
an average reduction of 42% of the contact area between talus and tibia (Ramsey 
1976), which results in severe peak loads. It is assumed that such peak forces lead 
to secondary loss of cartilage, which in turn increases the risk of post-traumatic 
osteoarthritis. The better anatomical stabilisation achieved via surgery might 
reduce lateral talar dislocation more effectively than immobilisation alone and thus 
lessen the risk of long term post-traumatic osteoarthritis. However, as well as the 
additional risks generally associated with surgery and anaesthesia, patients with 
conditions such as diabetes and peripheral vascular disease are at increased risk of 
complications and an unsatisfactory outcome. Moreover, there is evidence that not 
all fractures need perfect anatomical repair for a satisfactory outcome. 
Conservative treatment with closed reduction and cast immobilisation can yield 
good results for certain less severe fracture types (Bauer 1985a; Herscovici 2007; 
Kristensen 1985). Displaced fractures can be treated successfully with closed 
reduction and plaster cast (Rowley 1986a; Wei 1999). If immobilisation alone gains 
equal results easily for certain fractures types, surgical interventions should be 
considered as over-treatment. 
In current practice, most Weber A fractures are treated conservatively and 
most Weber C fractures are treated by open, anatomical reduction and internal 
fixation. The remainder (roughly 50%) of all ankle fractures consists of Weber B 
fractures, which are treated both surgically and conservatively. Some clinicians 
think conservative measures are adequate in ankle fractures, but others consider 
exact anatomical reconstruction is essential to prevent predisposition for post-
traumatic osteoarthritis. The rate of surgical interventions increases with the 
number of malleoli fractured, but depending on location, a wide range (14% to 
72%) in the rate of surgical interventions has been reported in the USA (Koval 
2005). There is also controversy in the treatment of older people with osteoporotic 
bones and other comorbidities that increase the risk of surgical complications 
(SooHoo 2009). Additionally, the Lauge-Hansen and Weber classification systems 
are not able to assess the intrinsic stability of all ankle fractures, which is 
considered an important determinant for the type of treatment. To compare the 
outcome of both treatment modalities for ankle fractures in adults, a systematic 
evaluation of benefits and harms is needed.  
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Methods 
Criteria for considering studies for this review   
Types of studies: randomised and quasi-randomised (method of allocating 
participants to a treatment which is not strictly random; e.g. by date of birth, 
hospital record number, alternation) controlled clinical studies comparing surgical 
and conservative treatments for ankle fractures in adults were included. 
Types of participants: studies including adult participants with ankle 
fractures who underwent a surgical or conservative intervention were included. 
Trials containing adults and children were included if the proportion of children 
was clearly small (< 5%), or if separate data for adults could be obtained. Similarly, 
we excluded studies in which participants with more extensive fractures of the 
distal third of the tibia (pilon or tibial plafond fractures) or studies that included 
more than 5% fractures with delayed presentation, unless separate data for acute 
ankle fractures could be obtained. Studies evaluating surgical revision of displaced 
fractures were excluded. 
Types of interventions: studies comparing any type of surgical treatment 
with any type of conservative intervention were included. The following 
procedures were compared: 
 Any kind of fracture stabilisation with osteosynthesis (lag screw, plates, 
tension bands, bridge plating, external fixation or internal fixation) 
versus 
 Any kind of fracture stabilisation with non-invasive interventions (plaster cast 
immobilisation, walking cast, orthosis, any kind of removable type of 
immobilisation). 
Types of outcome measures   
The primary outcome measures were functional outcome, pain and major 
adverse events. Preference was given to validated outcome measures, including 
visual analogue scale readings for pain. Examples of validated outcome measures 
included the physician-completed Olerud Molander Ankle Score (Olerud 1984), 
patient-rated functional outcomes such as the Lower Extremity Function Scale 
(Binkley 1999), and appropriate components of generic quality of life measures 
(e.g. SF36, SF12, and EQ-5D). Major adverse events were generally considered as 
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those related to the fracture or intervention that required secondary intervention 
(i.e. the need for surgery or further surgery; or prolonged intensive rehabilitation). 
Adverse events included insufficient primary osteosynthesis, soft tissue necrosis 
and any infection, osteitis, post-traumatic thrombosis, delayed union, nonunion, 
secondary fracture displacement, re-fracture, joint stiffness, muscular atrophy, 
tendinous insufficiency, sensory deficit, tarsal tunnel syndrome, and complex 
regional pain syndrome type 1 (also known as Sudeck’s dystrophy or reflex 
sympathetic dystrophy) (Stanton-Hicks 1995). 
The secondary outcome measures sought included measures of recovery 
such as time to resume normal activities or return to work, range of motion, 
measures of functional impairment, anatomical result (x-ray) and radiologically-
defined osteoarthritis. 
Search methods for identification of studies   
The search was conducted in two stages. We initially searched the 
Cochrane Bone, Joint and Muscle Trauma Group Specialised Register (to 4 June 
2010), the Cochrane Central Register of Controlled Trials (The Cochrane Library, 
Issue 5, 2010), MEDLINE (PubMed,1965 to 4 June 2010), EMBASE (Elsevier, 1974 to 
4 June 2010) and CINAHL (EBSCO, 1981 to 4 June 2010). We also searched the WHO 
International Clinical Trials Registry Platform (to 4 June 2010) and Current 
Controlled Trials (to 4 June 2010) for ongoing or recently completed trials. We then 
updated our search up to 6 February 2012, setting the initial date of search from 1 
January 2010, for the following: the Cochrane Bone, Joint and Muscle Trauma 
Group Specialised Register, the Cochrane Central Register of Controlled Trials (The 
Cochrane Library, Issue 1, 2012), MEDLINE, EMBASE, CINAHL and the WHO 
International Clinical Trials Registry Platform and Current Controlled Trials. 
The MEDLINE strategy was developed in accordance with the guidelines 
outlined in the Cochrane Handbook for Systematic Reviews of Interventions 
(Lefebvre 2009a). The subject-specific search was combined with the Cochrane 
Highly Sensitive Search Strategy for identifying randomised trials in MEDLINE: 
sensitivity- and precision-maximising version (Lefebvre 2009b). This strategy was 
adapted to the syntax and capacities of the other databases (see Appendix 1). 
There were no restrictions based on language. 
27 
 
We looked for additional relevant trials by checking the reference lists of 
identified randomised trials. All authors of included trials were asked for additional 
information on any published, unpublished, or ongoing trials. 
Data collection and analysis   
The titles, abstracts and descriptor terms of all downloaded material from 
the electronic searches were read by CD, who discarded clearly irrelevant reports. 
The remaining citations were then screened independently by CD and HA to 
establish the need for obtaining full articles. Full articles were also obtained where 
there was any uncertainty about the relevance of the study. Subsequently, CD and 
HA independently applied the inclusion criteria. Any differences on study inclusion 
were resolved by discussion with a third reviewer (CL). Two review authors (CD & 
HA) independently extracted the data using a pre-piloted data extraction form. Any 
disagreement was resolved by discussion, if necessary approaching a third author. 
Where necessary, trial authors were contacted for further information on their 
trials. Extracted data were stored and managed using Review Manager. If required, 
interim statistical calculations were performed by CD and CL. 
Two review authors (CD & HA) independently assessed the risk of bias of 
each included study. Any differences were resolved by discussion, with arbitration 
by a third review author (CL). We used The Cochrane Collaboration's 'Risk of bias' 
tool (Higgins 2008). Each study was graded for risk of bias in each of the following 
domains: sequence generation, allocation concealment, blinding, incomplete 
outcome data, selective outcome reporting and 'other' (for instance, extreme 
baseline imbalance). We also assessed performance bias, specifically in terms of 
surgeon's experience. Treatment effect was measured using risk ratios for binary 
data, and mean differences or, where different outcome measures were used, 
standardised mean differences for continuous data. Ninety-five percent confidence 
intervals were used throughout. As expected, the unit of randomisation was the 
individual patient in the included trials. There were no trials with a cluster-
randomised design. Trial investigators were contacted for additional data if 
necessary. Where appropriate, we performed intention-to-treat analyses to include 
all people randomised to the intervention groups. We investigated the effect of 
drop-outs and exclusions by conducting sensitivity analyses. We were also alert to 
the potential mislabelling or non identification of standard errors and standard 
deviations. In case of missing data, we investigated whether theyswere missing at 
random, in which case the missing data was to be regarded as not having an 
important influence on outcome, or missing not at random. If data were deemed to 
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be missing not at random, we stated that replacement values would not be 
imputed but sensitivity analyses would be considered. 
We judged the appropriateness of pooling by assessing clinical diversity in 
terms of participants, interventions and outcomes of the included studies. 
Statistical heterogeneity was assessed by visual inspection of the forest plot and by 
using the I² and Chi² statistical tests. Had sufficient data for the primary outcomes 
been available, we planned to assess publication bias using funnel plots. Had 
sufficient data been available (and where judged appropriate), we planned to pool 
data using both the fixed-effect (DeMets 1987) and random-effects models 
(DerSimonian 1986). Where there was no important difference between the two 
results, the results from the fixed-effect model would have been presented. 
Otherwise, depending on the results of heterogeneity tests, results from both 
models would be presented. If sufficient pooled data were available, we intended 
to conduct subgroup analyses to compare the effects of the interventions 
according to the risk of bias of the trials (low risk versus unclear or high risk), type 
of fracture (Weber A, B and C; displaced versus non-displaced), age (under 65 
years; 65 or over), comorbidity (diabetic; non-diabetic), surgical experience 
(resident versus surgeon), different definitions of union (clinical versus 
radiological), and types of surgical (plate versus other fixation) or conservative 
treatment (e.g. early mobilisation versus immobilisation). We intended to perform 
sensitivity analysis of pooled data examining various aspects of trial and review 
methodology, including the effects of missing data, and the inclusion of trials at 
high risk of bias (primarily, lack of allocation concealment) and trials only reported 
in abstracts. 
 
Results 
After performing the first search up to 4 June 2010 (see Appendix 1) and 
removing duplicates, 1352 titles and abstracts were reviewed. Our subsequent 
search (2010 to 6 February 2012) resulted in 399 reference citations after the 
removal of duplicates (MEDLINE (48); The Cochrane Library (16); EMBASE (262); 
CINAHL (115)). Overall, of 18 potentially eligible studies, four were included, nine 
were excluded and five are ongoing or yet to be published trials (as of February 
2012). All contact authors of the included trials (and the contact author of Salai 
2000) were approached for additional information and clarification. While we were 
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successful in contacting with the authors of Phillips 1985 and Salai 2000, neither 
was able to provide additional information. 
The four included studies (Bauer 1985; Makwana 2001; Phillips 1985; 
Rowley 1986) involved a total of 292 participants. These are summarised below, 
with a full summary for each trial detailed in the Characteristics of included studies. 
Three included trials (Bauer 1985; Makwana 2001;Phillips 1985) were randomised 
controlled trials and one trial (Rowley 1986) was a quasi-randomised controlled 
trial. The study population sizes at randomisation varied; 42 patients (Rowley 
1986), 43 patients (Makwana 2001), 96 patients (Phillips 1985) and 111 patients 
(Bauer 1985). All four trials were hospital based. Bauer 1985 was conducted in two 
hospitals in Sweden. The other three were single centre trials carried out in the UK 
(Makwana 2001; Rowley 1986) and the US (Phillips 1985). The first year of patient 
recruitment spanned from 1968 in Bauer 1985 to 1995 in Makwaa 2001. 
Information on gender was available for three trials: Bauer 1985 (64 female, 44 
male); Makwana 2001 (31 female, 12 male); and Phillips 1985 (54 female, 42 male). 
In all, participant age varied between 15 and 91 years but Makwana 2001 set a 
lower age limit of 55 years and thus recruited an older population than the other 
three trials. Bauaer 1985 included patients with a displaced type A or B malleolar 
fracture. Makwena 2001 included patients with a displaced ankle fracture. Phillips 
1985 evaluated patients with a closed supination-external rotation grade-4 or a 
pronation-external rotation grade-4 ankle fractures, classified according the 
modified Lauge Hansen system (Lauge Hansen 1942), for whom a satisfactory 
closed reduction had been achieved. Rowley 1986 included patients with a 
displaced ankle fracture. Closed reduction was performed in all four trials.  
Essentially, all four trials compared open reduction and internal fixation 
(ORIF) versus closed reduction and plaster cast immobilisation (conservative 
treatment). In Bauer 1985, Makwana 2001 and Rowley 1986, surgical treatment 
was in accordance with AO/ASIF principles (Müller 1979). Phillips 1985 described 
the use of surgical techniques based on those of the Association for the Study of 
Internal Fixation (ASIF). Bauer 1985 compared ORIF (followed by bed rest for five 
days, partial weight bearing from six weeks and full weight bearing at nine weeks) 
versus closed reduction and a plaster cast for six weeks (followed by partial weight 
bearing from six weeks and full weight bearing at nine weeks). Makwana 2001 
compared ORIF followed by a below-knee plaster cast for six weeks versus closed 
reduction followed by a below-knee plaster cast for six weeks. In Phillips 1985, all 
participants had had a satisfactory closed reduction before randomisation to ORIF 
(followed by a belowknee plaster cast for one week; walking on crutches without 
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weight bearing started a few days after surgery until the tenth week) versus a long-
leg plaster cast for six weeks without weight-bearing and a below-knee for a 
further four weeks. Rowley 1986 compared ORIF (followed by a below-knee 
backslab and active ankle movement for up to five days, then plaster cast for six 
weeks) versus closed reduction and a long-leg plaster cast for six weeks. Early 
weight bearing was encouraged in both groups. The criteria for successful closed 
reduction were not clearly/precisely defined in Bauer 1985 and Rowley 1986. Both 
Makwana 2001 and Phillips 1985 used the same set of five criteria to define a 
satisfactory closed reduction. Length of follow-up duration varied between 20 
weeks (Rowley 1986) and an average of seven years (Bauer 1985). All four trials 
used different approaches to measuring function and clinical outcome. Bauer 1985 
and Phillips 1985 used nonvalidated tools, whereas Makwana 2001 used the Olerud 
and Molander ankle score (Olerud 1984) as well as a visual analogue score to assess 
pain. The composite scoring scheme devised by Phillips 1985 assessed clinical and 
anatomical outcomes and arthritis. Rowley 1986 reported on the presence of foot 
deformity and foot print analysis for detecting abnormal foot angles. All four trials 
reported on complications and, to various extents, radiological outcomes. 
There were nine excluded studies. Strömsöe 1995 did not compare 
surgical versus conservative treatment. The other eight studies compared surgical 
versus conservative treatment in ankle fractures, but were excluded because they 
were not randomised controlled trials (see the Characteristics of excluded studies). 
In particular, the claim to be a randomised trial in the report of Salai 2000 was not 
substantiated either through contact with the trial author or by the inappropriate 
presentation of study results. We identified five ongoing trials (Gray; Harris; 
Pakarinen; Sanders; Willett), details of which can be found in the Characteristics of 
ongoing studies. Three trials are multi-centre studies. Two studies will be finished 
in 2014 and 2016. The publication of three studies was delayed; although they 
were due to finish in 2010, no published results were identified by our search in 
February 2012. 
 
Risk of bias 
Due to the high level of missing data, all authors were approached for 
additional information. Only one attempts was successful (Phillips 1985), but no 
additional information was obtained. For risk of bias also see table ‘Risk of bias in 
included studies’ and figure 1 and figure 2. Generation of the allocation sequence 
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was considered of low risk of bias in three trials (Bauer 1985; Makwana 2001; 
Phillips 1985) and high risk in Rowley 1986, the allocation of which was based on 
the patient's records number. Allocation concealment was judged at low risk of 
bias in Phillips 1985, at high risk in Rowley 1986, and of unclear risk in the 
remaining two trials (Bauer 1985; Makwana 2001) which provided no details of this 
aspect. None of the studies provided information about blinding and thus all were 
judged at being at high risk of both performance and detection bias.  
The risk of attrition bias was considered high in Phillips 1985 (large (49%) 
loss of follow-up) and Makwana 2001 (exclusion of eight conservatively treated 
patients with secondary dislocation; lack of intention-to-treat analysis). Bauer 1985 
was judged at unclear risk of bias: while intention-to-treat-analysis was performed 
and few were lost to follow-up, the effect of the exclusion of type A fractures at 
follow-up is unknown. In Rowley 1986, two patients were excluded from the 
analysis because they required secondary surgery after failed manipulation. The 
authors' intention was to analyse these patients separately but this was not done 
and intention-to-treat analysis was not performed. However, the effects on the 
results of this trial are unlikely to alter the findings of the trial, which was thus 
judged to be at low risk of attrition bias. As we did not have access to the study 
protocols, we judged this to be at unclear (unknown) risk of bias. In Makwana 
2001, the imbalance in the number of smokers (0 versus 6) between the two 
groups was considered to be another potential source of bias. No information was 
available to assess potential other sources of bias in any of the included studies. 
 
Figure 1 
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Figure 2 
 
 
Effects of interventions   
All authors were contacted to obtain the original data, but none was 
forthcoming. The lack of these data prevented our plans to study the outcomes in 
different subgroups. Based on the results of a non-validated questionnaire, Bauer 
1985 found no difference between the two groups at seven years in the incidence 
of people with self-assessed significant 'troubles' from their ankle (11/43 versus 
14/49; risk ratio (RR) 0.90, 95% CI 0.46 to 1.76; see Analysis 1.1). The same lack of 
statistically significant differences applied to the individual problems of pain, 
restricted range of motion, unsteadiness, swelling and 'passing stiffness' (see 
Analysis 1.1). There were also no statistically significant differences between the 
two groups in walking difficulties on rough or even ground (see Analysis 1.1). Four 
participants, two from each group, formerly employed as heavy manual labourers 
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changed occupation or quit working because of their ankle fracture. Makwana 
2001 found a significantly better mean Olerud score (Olerud 1984) in the surgically 
treated group after a mean follow-up of 27 months (mean difference (MD) 17.00, 
95% CI 0.64 to 33.36; see Analysis 1.2). At 3.5 years of follow-up, Phillips 1985 
found a significant difference in favour of the surgical group for a nonvalidated 
combined score (0 to 150: best outcome) that rated clinical, anatomical and 
arthritis outcome (MD 10.30, 95% CI 0.93 to 19.67; see Analysis 1.2); however, 
there was no difference between the two groups in the clinical scores (subjective + 
objective assessment: 100 possible points): 88.8 versus 84.3, difference reported as 
non significant. Makwana 2001 found no difference in pain scores at 27 months 
(see Analysis 1.3). While Bauer 1985 and Phillips 1985 retained for the purposes of 
intention-to-treat analyses those patients who did not receive their allocated 
intervention or were otherwise early treatment failures (i.e. failure of closed 
reduction), the other two trials explicitly excluded these. There were significantly 
more early treatment failures in the conservative treatment group (2/116 versus 
19/129; RR 0.18, 95% CI 0.06 to 0.54; see Analysis 1.4). Skin damage precluded 
operations for two participants allocated surgery in Bauer 1985. As shown in the 
rest of the analyses in Analysis 1.4, there were no significant differences between 
the two groups in any of the specified complications (deep infection, superficial 
infection, surgical wound closure problem, skin ulcer, deep vein thrombosis, 
complex regional pain syndrome type 1 (Stanton-Hicks 1995), need for removal of 
internal fixation, surgical scar tenderness). It is noteworthy that all four 
conservative treatment group patients with wound infections in Bauer 1985 were 
patients who received surgery after closed treatment had failed. 
Bauer 1985 showed no differences between the surgical and conservative 
groups in range of motion parameters at seven years (see Analysis 1.6). In 
Makwana 2001, the loss of dorsal range of motion compared with the contralateral 
ankle at follow-up was significantly less in the surgically treated group (9 versus 16 
degrees, reported P = 0.044). Rowley 1986 found no statistically significant 
differences between the two groups regarding restriction of dorsiflexion or 
abnormal foot angle at 20 weeks follow-up (see Analysis 1.5). Time to independent 
weight bearing by all patients in Rowley 1986 was 16 weeks for the surgical group 
and 12 weeks for the conservative group. At 3.5 years of follow-up, Phillips 1985 
found a significant difference in favour of the surgical group in the anatomical 
scores (26.7 versus 22.1 (out of a maximum score of 35); reported P < 0.05). Pooled 
results for participants with radiological signs of osteoarthritis from two trials 
(Bauer 1985; Phillips 1985) showed no between-group differences (44/66 versus 
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50/75; RR 1.05, 95% CI 0.83 to 1.31; see Analysis 1.8). In Bauer 1985, patients 
receiving surgical treatment left the hospital significantly later than conservatively 
treated patients (mean 9.5 versus 5.0 days, reported P < 0.05); 17 (30%) 
participants of the conservative treatment group were treated as outpatients. The 
median time of sick leave of fully employed participants was 14 weeks in both 
groups of Bauer 1985. In Makwana 2001, patients receiving surgery also left the 
hospital significantly later than the conservatively treated patients (mean 6.7 
versus 2.6 days, mean difference 4.10 days, 95% CI 2.58 to 5.62; see Analysis 1.9). 
 
Discussion 
Four controlled trials (three randomised and one quasi-randomised) 
involving a total of 292 adults with displaced ankle fractures were included in this 
review. A meta-analysis for functional outcome and pain was impossible due to the 
incompatible outcome measures used by the trials. The largest trial (Bauer 1985), 
following up 92 of 111 randomised participants, found no statistically significant 
differences between surgery and conservative treatment in patient-reported 
symptoms and walking difficulties at seven years follow-up. One trial (Makwana 
2001), reporting data for 31 of 43 randomised participants, found a significantly 
better mean Olerud score in the surgically treated group but no difference 
between the two groups in pain scores after a mean follow-up of 27 months. A 
third trial (Phillips 1985), reporting data for 49 of 96 randomised participants at 3.5 
years follow-up, reported no difference between the two groups in a non-validated 
clinical score. Early treatment failure, generally reflecting the failure of closed 
reduction (criteria not reported in two trials) probably or explicitly leading to 
surgery in patients allocated conservative treatment, was significantly higher in the 
conservative treatment group. Such patients were incorrectly excluded from the 
analyses of two trials. Otherwise, there were no significant differences between the 
two groups in any of the reported complications. Bauer 1985 found no differences 
between the surgical and conservative groups in range of motion at seven years, 
whereas Makwana 2001 reported a better range of motion result for the surgically 
treated group. One trial reported data for 40 participants at 20 weeks follow-up 
found no statistically significant differences between the two groups regarding 
restriction of dorsiflexion or abnormal foot angle. Phillips 1985 found better 
anatomical scores in the surgical group at 3.5 years of followup. Pooled results for 
participants with radiological signs of osteoarthritis from two trials showed no 
between-group differences. Two trials found that patients receiving surgical 
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treatment stayed in hospital on average four days longer than conservatively 
treated patients. 
This review contains only four trials with a total of 292 participants. 
However, functional outcome data were available for far fewer participants (170 
patients in three trials) and moreover, these could not be pooled. There were 
important differences between the four trials, including the types of participants 
(e.g. Makwana 2001 only recruited people over 55 years old), the surgical 
techniques (e.g. in Bauer 1985, ligamentous injuries were sutured, whereas this 
was not done in Makwana 2001), conservative treatment (e.g. types and duration 
of plaster cast immobilisation), the post-surgical treatment regimens (type and 
duration of plaster cast, early weightbearing or not, early active movements or 
not), and in the duration of follow-up and assessment of outcome. This variation, 
as well as lack of information on these trial characteristics (including criteria for a 
satisfactory closed reduction), hinder the assessment of the applicability of the 
already limited and flawed evidence. Duration of follow-up in Rowley 1986 of just 
20 weeks is clearly unsatisfactory for a full assessment of outcome but it is also 
noteworthy that even a follow-up of seven years as in Bauer 1985 is insufficient to 
ascertain post-traumatic osteoarthritis. Horisberger 2009 showed that the latency 
time to end stage osteoarthritis after an ankle fracture can be as much as 20 years. 
Overall, the quality of the evidence is very limited. We judged the risk of 
bias was unclear or high in the majority of categories for the four trials. Rowley 
1986 was quasi-randomised and thus at high risk of selection bias and all trials 
were at risk of bias due to lack of blinding, including of assessors. Of note is the 
high risk of attrition bias from incomplete outcome data in Makwana 2001, which 
incorrectly excluded patients after randomisation, and Phillips 1985, which had a 
large loss to followup. All trials were small and insufficient to confirm any lack of 
differences between the two groups. 
The protocol was not changed during the process and the review was 
performed according to the published protocol. We tried to minimise publication 
bias by undertaking a comprehensive search strategy and checking non-English 
language citations (a translation of a Polish and German study resulted in their 
exclusion). Our search also included a search for ongoing and recently completed 
trials. However, it is still possible that potentially relevant trials have been missed. 
Additionally, although unsuccessful, we tried to obtain additional data and 
information from the included trialists. 
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The conclusion of this review is in line with another systematic review 
about the surgical versus conservative treatment of ankle fractures (Petrisor 2006). 
Petrisor 2006 also included Salai 2000, which we excluded because it did not 
appear to be randomized( and its data were unusable). Our search also located five 
ongoing or unpublished trials which may be included in a future update of this 
review. 
There is insufficient evidence to conclude wheter surgical or conservative 
treatment produces superior long-term outcomes for ankle fractures in adults. In 
future, adequately powered well designed and conducted, and appropriately 
reported clinical trials could provide more robust data. They should use validated 
outcome measures. Ideally, patients should be followed up for several years after 
randomisation and standard treatment regimens for surgical or conservative 
interventions should be used. However, before embarking on any new trials, it is 
important to note the existence of several ongoing studies, including a large multi-
centre trial aiming to recruit over 600 patients. These trials also point to the 
importance of updating this review in due course.  
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Tables  
Characteristics of included studies   
Bauer 1985   
Methods Method of randomisation: random number tables. 
Blinding: unclear. 
Loss of follow-up: 11 (7 died, 4 lost to follow-up) out of 111. However, type A fractures (n = 
8) are excluded in the analysis. The study reports the follow-up results of only the type B 
fractures (n = 92). 
Patients' consent to randomisation: unclear. 
Number of surgeons: 10 surgeons with at least one year of experience in fracture 
treatment participated. 
Participants Study locations: departments of orthopaedic surgery of the Malmö General Hospital in 
Malmö and the Östersund Hospital in Östersund, both in Sweden. 
Study period: between 1 February, 1968 and 21 June, 1970. 
Study participants: 111 randomised, baseline data for 108. Follow-up in 92 patients. 
Age: 44 years, range 16 to 77 years. 
Gender: 44 men and 64 women (of which 8 type A fractures with undefined gender which 
are excluded). 
Inclusion criteria: patients with a diagnosis of a malleolar fracture. 
Exclusion criteria: pilon fractures or tibial plafond fractures, type C fractures, patients with 
open fractures, other concomitant injuries to the lower limb, nondisplaced fractures, 
patients with open growth zones and those with complicating disease which entailed 
increased risk. 
Interventions Surgery: according to the AO principles (Müller 1979). Ligamentous injuries were sutured. 
Suction drainage as applied for 24 hours. Active movements started on the first 
postoperative day. The patients were kept in bed with the operated leg elevated in a splint 
until the fifth postoperative day. After 6 weeks, 20% weight bearing was allowed. Full 
weight bearing was allowed after 9 weeks. 
Conservative: closed reduction was performed and a plaster cast was applied. The patients 
were discharged as soon as they were able to walk on crutches. Weight bearing was not 
allowed during the first 6 weeks in either group to prevent load-induced displacement. 
After 6 weeks, the cast was removed and 20% weight bearing was allowed. Full weight 
bearing was allowed after 12 weeks. 
Outcomes Length of follow-up: mean 7 years, range 6 to 8 years. 
A questionnaire (not validated and only introduced in the present study), measuring ankle 
girth, range of motion, presence of foot deformity, ability of walking, radiological outcome 
(bony union, anatomical result and osteoarthritis (according to Cedell (Cedell 1967) and 
Magnusson (Magnusson 1944)), hospital stay, mean time of treatment, sick-leave, 
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complications (infection, DVT, pulmonary embolism, tenderness). 
Notes Long-term results in this study only reported for displaced type B fractures. Early results 
were provided for 108 patients. 
 
Bias Authors' judgement Support for judgement 
 
Random sequence 
generation (selection bias) 
 
Low risk A list of random numbers was used. 
 
Allocation concealment 
(selection bias) 
 
Unclear risk 
 
The authors only state: "random allocation was 
performed with the aid of a list of random numbers". 
 
Blinding (performance bias 
and detection bias) 
 
High risk 
 
The authors state: "all films were evaluated by the 
same radiologist" and "at follow-up all patients were 
seen by two of the authors". 
 
Incomplete outcome data 
(attrition bias) 
 
Unclear risk 
The results at follow-up of 8 patients with type A 
fractures, were not incorporated in the study. 
However baseline data were shown. After exclusion 
of these 8 patients, 'protocol deviants' were kept in 
their allocated group. 
 
Selective reporting 
(reporting bias) 
 
Unclear risk 
No information to judge this. 
 
Other bias 
 
Unclear risk 
 
The conservative group had significant more smokers 
(6 versus 0). 
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Makwana 2001   
Methods Method of randomisation: computer-generated random numbers. 
Blinding: unclear. 
Loss of follow-up: 7 (6 unwilling to attend, 1 died) out of 43 (16%). Eight (of which only 5 
were available at follow-up) conservatively treated patients with secondary dislocation 
were excluded and not analysed (separately). 
Patients' consent to randomisation: yes. 
Number of surgeons: unknown number of registrars, senior registrars and consultants. 
Participants Study location: level 1 trauma centre; Leicester Royal Infirmary, United Kingdom. 
Study period: between January 1995 and February 1997. 
Study participants: 43 randomised, baseline data for 43. Follow-up in 31 patients. 
Age: 66 years, range 55 to 81 years. 
Gender: 12 men and 31 women at baseline. Gender distribution at follow-up is unknown. 
Inclusion criteria: all patients with a displaced ankle fracture over 55 years of age 
requiring operative treatment. 
Exclusion criteria: pre-existing ipsilateral or contralateral ankle pathology, a pathological 
fracture (e.g. a stress fracture), an intra-articular fracture (e.g. a pilon fracture), inability 
to attend follow-up or inability to follow the postoperative regimen, unsatisfactory 
closed reduction (according to criteria by Phillips (Phillips 1985)), blisters precluding 
operative treatment, pilon fractures or tibial plafond fractures. 
Interventions Surgery: standard AO implants and techniques according to the AO/ASIF manual (Müller 
1979). Additional information from correspondence (Ramasamy 2001): Nearly all the 
fractures of the ankle (96%) were fixed using a 1/3 semitubular plate on the lateral side, 
with or without lag screws. In one patient the lateral malleolus was treated by a Rush 
pin. AO cancellous screws were used in 82% of cases on the medial side, and this was 
supplemented in one by a Kirschner wire. No fixation was necessary in three medial 
malleoli. Postoperative regimen: a below-knee cast was retained for six weeks. The leg 
was elevated for 48 hours after which protected weight-bearing was allowed. 
Conservative: a moulded below-knee plaster cast, with 48 hours limb elevation, after 
which protected weight-bearing was allowed for 6 weeks. 
Outcomes Length of follow-up: mean 27 months, range 15 to 42 months. 
Olerud and Molander ankle score (Olerud 1984), Visual Analogue Score, measuring ankle 
girth, range of motion, inpatient stay, radiological outcome (bony union, malunion, 
nonunion, talar tilt and degenerative changes using the criteria of Magnusson 
(Magnusson 1944)), complications (wound problems, tenderness of the scar, malunion, 
nonunion, Complex Regional Pain Syndrome type 1 (Stanton-Hicks 1995), secondary 
dislocation and further surgery). 
Notes It is unclear from the report whether there were 47 randomised patients (Abstract 
states: "Forty-seven patients ... were entered into a prospective, randomised study") or 
43 (according to the flow chart and 'Patients and methods section', where randomisation 
occurred after assessment of a satisfactory closed reduction). We have opted for the 
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latter. 
 
Bias Authors' judgement Support for judgement 
 
Random sequence 
generation (selection bias) 
 
Low risk A computer random number generator was used. 
 
Allocation concealment 
(selection bias) 
 
Unclear risk 
 
The authors only state: "patients had been 
randomised by computer-generated random numbers 
in theatre". 
 
Blinding (performance bias 
and detection bias) 
 
High risk 
 
The authors only state: "all patients were assessed 
clinically and radiographically by the same observer 
(first author) at follow-up in order to minimise 
interobserver error". 
 
 
Incomplete outcome data 
(attrition bias) 
 
 
 
High risk 
Of the 22 patients in the ORIF group only 19 had 
successful manipulative reduction, the 3 patients 
with unsuccessful reduction were excluded, because 
they required surgery. Eight (of which only 5 were 
available at follow-up) conservatively treated 
patients with secondary dislocation were excluded 
and not analysed (separately). No intention-to-treat-
analysis was performed. 
 
Selective reporting 
(reporting bias) 
 
 
Unclear risk No study protocol is available. 
 
Other bias 
 
High risk 
 
The conservative group had significantly more 
smokers (6 versus 0). 
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Phillips 1985   
Methods Method of randomisation: random number tables. 
Blinding: unclear. 
Loss of follow-up: 47 (could not be located or refused to be evaluated) of 96 (49%). 
Patients' consent to randomisation: yes. 
Number of surgeons: two members of the attending orthopaedic staff in combination 
with a resident. 
Participants Study location: level 1 trauma centre; University of Chicago Hospitals, Chicago, United 
States of America. 
Study period: between June 1975 and June 1979. 
Study participants: 96 randomised, baseline characteristics for 93 (3 lost charts). Follow-
up in 71 patients. 
Age: 41.6 years, range 15 to 78 years. 
Gender: 42 men and 54 women. 
Inclusion criteria: patients with a diagnosis of a closed supination-external rotation 
grade-4 or a pronation-external rotation grade-4 ankle fracture, classified according to 
the modification of the Lauge Hansen system (Lauge Hansen 1942). 
Exclusion criteria: open ankle fractures, pilon or tibial plafond fractures, open epiphyses, 
a previous fracture, concomitant injuries, pregnant women, a medical contraindication 
to a specific form of treatment that would hamper randomisation. 
Interventions There were two treatment categories relevant for this review: 
Surgery: satisfactory closed reduction and then open reduction and internal fixation by 
the Association for the Study of Internal Fixation (ASIF) technique. The leg was 
immobilised in a below-the-knee plaster cast. Walking on crutches without weight 
bearing started a few days after surgery until the tenth week. The cast was removed 
after 1 week to allow early active motion exercises. The trans-syndesmotic screw (if 
present) was removed after 10 weeks. 
Conservative: satisfactory closed reduction followed by continued closed treatment. A 
toe-to-thigh cast with the knee flexed in 30 degrees was applied for 6 weeks, without 
weight-bearing. At the end of 6 weeks a below-the-knee walking cast was applied for an 
additional 4 weeks. 
Outcomes Length of follow-up: 3.4 years, range 1.7 to 6.0 years. 
The authors devised 3 scoring systems for this study that provided clinical (maximum 100 
points for pain, range of motion and function), anatomical (maximum 35 points for 
talocrural angle, medial clear space, integrity of tibiofibular syndesmosis, medial 
malleolar displacement, size of posterior malleolar fragment, lateral malleolar 
displacement and shortening, talar tilt, talar subluxation, aspect of anteromedial corner) 
and arthritis scores (maximum15 points for non-union, synostosis, osteoporosis, 
irregular articular surface, osteophytes, periarticular cysts and joint-space narrowing). 
These three scores were combined to give a total score, for which a perfect result was 
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150 points. 
Complications (secondary operation; pressure sores; superficial skin sloughs; nonunion; 
deep infection)  
Death (post-operative) 
Notes The trial also compared two methods of surgery where there was unsatisfactory closed 
reduction in 42 patients (open reduction and internal fixation by the ASIF technique 
versus open reduction and internal fixation of the medial malleolus). These groups are 
not included in this review. 
 
Bias Authors' judgement Support for judgement 
 
Random sequence 
generation (selection bias) 
 
Low risk A random numbers table was used. 
 
Allocation concealment 
(selection bias) 
 
Low risk 
 
Sealed envelopes were used. 
 
Blinding (performance bias 
and detection bias) 
 
High risk 
 
No information about blinding was provided in the 
study. 
 
Incomplete outcome data 
(attrition bias) 
 
High risk 
In 47 patients follow-up could not be performed 
because patients could not be located or refused to 
be evaluated. In three of these patients baseline 
characteristics could not be provided, due to loss of 
the charts. 
 
Selective reporting 
(reporting bias) 
 
Unclear risk 
No study protocol is available. 
 
Other bias 
 
Unclear risk 
 
No information to judge this. 
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Rowley 1986   
Methods A quasi-randomised study using Accident and Emergency number. 
Blinding: unclear. 
Loss of follow-up: 2 (excluded because of open reduction and internal fixation after 
failed manipulation)  of 42 (5%). 
Patients' consent to randomisation: unclear. 
Number of surgeons: unclear. 
Participants Study location: The Royal Hallamshire Hospital, University of Sheffield, United Kingdom. 
Study period: unclear. 
Study participants: 42 randomised, no baseline characteristics provided (only type of 
fracture). Follow-up in 40 patients. 
Age: mean not provided, range 16 to 70 years. 
Gender: not provided. 
Inclusion criteria: patients with a diagnosis of a displaced type ankle fracture. 
Exclusion criteria: patients with pilon or tibial plafond fracture. 
Interventions Surgery: Open reduction and internal fixation, using the standard AO technique (Müller 
1979), fixing the fibula with compression screws and a buttress plate, and the medial 
malleolus with screws or tension bands according to the fragment size. No attempt was 
made to institute any ligamentous repair. After fixation, the limb was placed in a below-
knee backslab; early active movement was started on the first day after operation and 
continued for five days until a reasonable range of movement was established. The ankle 
was then placed in a below-knee plaster for 6 weeks and early weight-bearing was 
encouraged. At 6 weeks patients were mobilised out of plaster, and weight bearing was 
encouraged as soon as possible. No formal physiotherapy was offered. 
Conservative: After manipulation, the position of the fracture was subsequently 
maintained in a long-leg plaster for 6 weeks and early weight-bearing was encouraged. 
The criteria of a good reduction were defined as correction of talar shift on the 
anterolateral radiograph and of posterior talar subluxation on the lateral film. On both 
views, the fibula had to be corrected in terms of rotation and length. The medial 
malleolus had to have a smooth articular profile, although a small step on its medial 
aspect was acceptable. Further radiographs were taken at one and two weeks from 
injury; if there was significant loss of position the patient was re-admitted and open 
reduction and internal fixation was carried out. At 6 weeks patients were mobilised out 
of plaster, and weight bearing was encouraged as soon as possible. No formal 
physiotherapy was offered. 
Outcomes Length of follow-up: 20 weeks, no range provided. 
Time to normal weight-bearing. Time for dorsiflexion to return to normal. Time for foot 
angle to return to normal (the position of the foot during walking by means of a 
footprint analysis). 
Complications (none) 
Treatment failure 
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Bias Authors' judgement Support for judgement 
 
Random sequence 
generation (selection bias) 
 
High risk 
The study was quasi-randomised according to the last 
digit of the Accident and Emergency number. 
 
Allocation concealment 
(selection bias) 
 
High risk 
 
The authors provide no information about allocation 
concealment and was quasi-randomised. 
 
Blinding (performance bias 
and detection bias) 
 
High risk 
 
No information about blinding was provided in the 
study. 
 
 
Incomplete outcome data 
(attrition bias) 
 
 
Low risk 
Two patients were excluded in the analysis, because 
they required secondary surgery after failed 
manipulation. The authors' intention was to analyse 
these patients separately, but this was not done. The 
effects of these two missing patients were explored 
in analysis 1.2 and revealed no significant impact on 
the results.. 
 
Selective reporting 
(reporting bias) 
 
Unclear risk No study protocol is available. 
 
Other bias 
 
Unclear risk 
 
No information to judge this. 
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Characteristics of excluded studies   
Dietrich 2002 : Not a randomised controlled trial. 
Doleżal 1995: Not a randomised controlled trial.  
Hughes 1979:  Not a randomised controlled trial. Depending on the hospital of presentation patients 
received only operative treatment (Kantonsspittal-St. Gallen, Switzerland) or conservative and operative 
treatment (University Surgery Clinic, Freiburg, Germany and Kantonsspital-Liestal, Switzerland).  
Richter 1994:   Not a randomised controlled trial. 
Salai 2000: The abcense of clarification of study methods from the trial author has failed to convince us 
that this was a randomized trial. Even if it was randomized, the reported results from the study could 
not be used given that the data from 19 surgically-treated patients who ‘met the above criteria for 
randomisation’ were caombined with 30 other surgically-treated patients, and compared with those of 
‘an additional 16 [who] completed treatment by closed reduction’.  
Strömsöe 1995 :  This randomised controlled trial including patients with an unstable Weber B or C 
ankle fracture without a medial malleolar fracture compared different surgical approaches. No patients 
were treated conservatively. 
Velkovski 1995:  Not a randomised controlled trial. 
Yde 1980a: Not a randomised controlled trial. Depending on the hospital of presentation, patients 
received conservative treatment (Fredrikhavn Hospital, Denmark) or operative treatment (Hjørring 
Hospital, Denmark).  
Yde 1980b: Not a randomised controlled trial. Depending on the hospital of presentation, patients 
received conservative treatment (Fredrikhavn Hospital, Denmark) or operative treatment (Hjørring 
Hospital, Denmark).   
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Characteristics of ongoing studies   
Gray   
Study name Influence of ankle skin perfusion on fracture treatment outcomes in the elderly: a 
randomised controlled trial comparing total contact cast with open reduction and 
internal fixation, the effect on cutaneous blood supply and relationship to skin 
complications 
Methods Randomised interventional trial 
Participants Patients aged over 60 years old with an unstable ankle fracture. 
Estimated enrolment: 120. 
Interventions Patients will be anaesthetised and undergo either closed manipulation of the fracture 
and then application of a close contact cast or have a surgical open reduction and 
internal fixation by a contemporary method using metal plates and screws 
Outcomes Olerud and Molander score, skin complications, radiological assessment, quality of life 
at 6 weeks and 6 months 
Starting date May 2004 
Contact information Gray B, Kadoorie Centre for Critical Care Research, Level 3, Headley Way, Headington, 
Oxford, United Kingdom, OX3 9DU 
Notes Expected end date: 2010 
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Harris   
Study name Combined randomised and observational study of type B ankle fracture treatment 
(CROSSBAT) 
Methods A prospective randomised multi-centre study 
Participants Patients aged between 18 and 65 years with a diagnosis of undisplaced (AO type 
44-B1) distal fibula fracture 
Estimated enrolment: 160 
Interventions Operative versus non operative treatment 
Outcomes American Academy of Orthopaedic Surgeons (AAOS) Foot and Ankle 
Questionnaire and SF-12 version 2 Health Survey 
Starting date August 2010 
Contact information Mittal R, Bsc (Med), MBB, The University of New South Wales, Australia, +61 2 
9828 3947, rajatmittal.syd@gmail.com 
Notes December 2016 
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Pakarinen   
Study name Syndesmotic Injury and Fixation in Supination-External (SE) Ankle Fractures 
Methods Randomised controlled trial 
Participants All skeletally mature patients (≥16 years old) with a unilateral Lauge-Hansen 
supination-external rotation type 4 ankle fractures treated within one week after 
injury at their hospital. 
Estimated enrolment: 140 
Interventions Comparing syndesmotic transfixation to no fixation in AO/OTA Weber B-type 
ankle fracture 
Outcomes Olerud-Molander scoring system, RAND 36-Item Health Survey, and Visual 
Analogue Scale (VAS) to measure pain and function after a minimum 1-year of 
follow-up 
Starting date June 2007 
Contact information Pakarinen HJ, Oulu University Hospital, Finland 
Notes Expected end date: 2010 
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Sanders   
Study name Operative versus non operative treatment for unstable ankle fractures 
Methods A prospective randomised multi-centre study 
Participants Patients aged between 18 and 65 years with a diagnosis of unstable Weber B 
unilateral fibular fracture 
Estimated enrolment: 80 
Interventions Operative versus non operative treatment 
Outcomes Comparison of physical functioning score on SF36 
Starting date November 2001 
Contact information Sanders D, M.D., FRCSC, University of Western Ontario, Canada, 519-685-8055 
Notes Expected end date: 2010 
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Willett   
Study name Comparison of close contact cast (CCC) technique to open surgical reduction and 
internal fixation (ORIF) in the treatment of unstable ankle fractures in patients 
over 60 years 
Methods Multi-centre pragmatic individually randomised controlled equivalence study 
Participants Patients aged over 60 years with a diagnosis of an isolated displaced unstable 
ankle fracture 
Estimated enrolment: 620 
Interventions Close contact cast versus open reduction and internal fixation 
Outcomes Olerud and Molander ankle score, Iowa ankle score, radiological measurements 
of fracture and ankle joint congruence, Euroqol EQ-5D and SF-12 health survey 
Starting date October 2009 
Contact information Prof. K. Willett, Kadoorie Centre John Radcliffe Hospital, OX3 9DU, University of 
Oxford, United Kingdom 
Notes Expected end date: 2014 
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Appendix search strateries 
MEDLINE (PubMed) 
#1: Ankle Injuries[MeSH] OR Ankle[MeSH] OR Ankle Joint[MeSH] (17675) 
#2: Fractures, Bone[MeSH] OR Fracture Healing[MeSH] OR Fracture Fixation[MeSH] 
(123831) 
#3: #1 AND #2 (3499) 
#4: (Fracture*[TW] AND (ankle[TW] OR malleol*[TW] OR unimalleo*[TW] OR 
bimalleo*[TW] OR trimalleo*[TW] OR potts[TW] OR weber[TW] OR (distal[TW] 
AND (tibia*[TW] OR fibula*[TW])))) (5005) 
#5: #3 OR #4 (6200) 
#6: Randomized Controlled Trial[PT] (284570) 
#7: Controlled Clinical Trial[PT] (80426) 
#8: randomized[TIAB] (218910) 
#9: placebo[TIAB] (124709) 
#10: Clinical Trials as Topic[MeSH: noexp] (147511) 
#11: randomly[TIAB] (152138) 
#12: trial[TI] (88394) 
#13: #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 (692020) 
#14: Animals[MeSH] NOT Humans[MeSH] (3455891) 
#15: #13 NOT #14 (642388) 
#16: #5 AND #15 (229) 
The Cochrane Library (Wiley InterScience) 
#1: MeSH descriptor Ankle explode all trees (272) 
#2: MeSH descriptor Ankle Injuries explode all trees (394) 
#3: MeSH descriptor Ankle Joint explode all trees (330) 
#4: (#1 OR #2 OR #3) (911) 
#5: MeSH descriptor Fractures, Bone explode all trees (3073) 
#6: MeSH descriptor Fracture Healing explode all trees (265) 
#7: MeSH descriptor Fracture Fixation explode all trees (863) 
#8: (#5 OR #6 OR #7) (3170) 
#9: (#4 AND #8) (115) 
#10: (fracture* NEAR/5 (ankle OR malleol* OR unimalleo* OR bimalleo* OR 
trimalleo* OR potts OR weber OR (distal AND (tibia* OR fibula*)))).ti,ab,kw (206) 
#11: (#9 OR #10) (226) 
EMBASE 
***1. Elsevier (1974 to June 2010) 
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#1 (('ankle'/exp OR 'ankle fracture'/exp OR 'ankle injury'/exp OR 'ankle 
dislocation'/exp) AND ('fracture'/exp OR 'fracture healing'/exp OR 'fracture 
fixation'/exp OR 'joint injury'/exp OR 'bone injury'/exp)) OR ((fracture* AND (ankle* 
OR malleol* OR unimalleo* OR bimalleo* OR trimalleo* OR potts OR weber OR 
(distal AND (tibia* OR fibula*)))) AND [<1950-2009]/py) 
#2 (('crossover procedure'/exp OR 'double blind procedure'/exp OR 'randomized 
controlled trial'/exp OR clinical trial’/exp OR single blind procedure’/exp OR 
placebo’/exp) OR (random* OR factorial* OR crossover* OR ‘cross over’ OR 
placebo* OR 'double blind' OR 'single blind' OR assign* OR allocate* OR 
volunteer*)) AND [<1950-2009]/py)) AND ('human'/exp) 
#3 #1 AND #2 
***2. Ovid (January 2010 to February 2012) 
1     exp Ankle Dislocation/ or exp Ankle Injury/ or exp Ankle/ or exp Ankle Fracture/ 
2     exp Fracture Healing/ or exp Fracture/ or exp Fracture Fixation/ or exp Joint 
Injury/ or exp Bone Injury/ 
3     1 and 2 
4     (ankle* or malleol* or unimalleo* or bimalleo* or potts or weber or (distal and 
(tibia* or fibula*))).tw. 
5     fracture*.tw. 
6     4 and 5 
7     3 or 6 
8     Randomized Controlled Trial/ 
9     Clinical Trial/ 
10    Controlled Clinical Trial/ 
11     Randomization/ 
12     Single Blind Procedure/ 
13     Double Blind Procedure/ 
14     Crossover Procedure/ 
15     Placebo/ 
16     Prospective Study/ 
17     ((clinical or controlled or comparative or placebo or prospective$ or 
randomi#ed) adj3 (trial or study)).tw. 
18     (random$ adj7 (allocat$ or allot$ or assign$ or basis$ or divid$ or order$)).tw. 
19     ((singl$ or doubl$ or trebl$ or tripl$) adj7 (blind$ or mask$)).tw. 
20     (cross?over$ or (cross adj1 over$)).tw. 
21     ((allocat$ or allot$ or assign$ or divid$) adj3 (condition$ or experiment$ or 
intervention$ or treatment$ or therap$ or control$ or group$)).tw. 
22     RCT.tw. 
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23     or/8-22 
24     Case Study/ or Abstract Report/ or Letter/ 
25     23 not 24 
26     7 and 25 
27     (2010$ or 2011$ or 2012$).em. 
28     26 and 27 
29     limit 28 to human   
CINAHL (EBSCO) 
S1: (MH "Fracture Healing") OR (MH "Fracture Fixation") OR (MH "Ankle Fractures") 
OR (MH "Fibula Fractures") 
S2: (MM "Ankle") OR (MH "Ankle Injuries") OR (MH "Ankle Joint") 
S3: S1 AND S2 
S4: (fracture* AND (ankle* OR malleol* OR unimalleo* OR bimalleo* OR trimalleo* 
OR potts OR weber OR (distal AND (tibia* OR fibula*)))) 
S5: S3 OR S4 
S6: (MH "Clinical Trials") 
S7: (MH "Evaluation Research") 
S8: (MH "Comparative Studies") 
S9: (MH "Crossover Design") 
S10: PT clinical trial 
S11: S6 OR S7 OR S8 OR S9 OR S10 
S12: TX ((clinical OR controlled OR comparative OR placebo OR prospective OR 
randomi*ed) AND (trial OR study)) 
S13: TX (random* AND (allocate* OR allot* OR assign* OR basis* OR divid* OR 
order*)) 
S14: TX ((singl* OR doubl* OR trebl* OR tripl*) AND (blind* OR mask*)) 
S15: TX (cross*over* OR (cross AND over*)) 
S16: TX ((allocat* OR allot* OR assign* OR divid*) AND (condition* OR experiment* 
OR intervention* OR treatment* OR therap* OR control* OR group*)) 
S17: S12 OR S13 OR S14 OR S15 OR S16 
S18: S11 OR S17 
S19: S5 AND S18 (540) 
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Chapter 3 
Use of an acrylic mold for mortise 
view improvement in ankle 
fractures: a feasibility study  
 
 
 
 
 
 
 
 
 
 
 
 
CCMA Donken, MHJ Verhofstad, MJ Edwards, CJHM van Laarhoven. Introduction of 
a plexiglass mould for mortise view improvement for ankle fractures in adults. J 
Foot Ankle Surg. 2011 Sep-Oct;50(5):525-8
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Abstract 
We investigated an acrylic mold for use in obtaining ankle radiographs in 
31 consecutive patients with ankle fracture. The radiologic examination consisted 
of routine lateral and mortise views, with the same views procured with the use of 
the acrylic mold to position the ankle. Radiographic evidence of ankle displacement 
was ascertained using both sets of radiographs, and 3 radiographic spaces (lateral 
talofibular, central talotibial, and medial talotibial) were considered identifiable on 
the mortise view. The routine radiographs identified 58 joint spaces (62.37%) and 
the use of the acrylic mold showed 74 (79.57%; p < .0001). On the basis of the 
medial clear space, surgical repair was indicated in 6 patients (19.36%) using the 
routine radiographs and in 8 (25.81%) using the radiographs procured with the 
acrylic mold (p = .317). On the basis of fibular dislocation alone, surgical repair was 
indicated in 12 patients (38.71%) using the routine radiographs and in 15 (48.39%) 
using the radiographs procured with the acrylic mold (p = .083). On the basis of 
medial clear space and fibular dislocation, surgery was indicated in 12 patients 
(38.71%) using the routine radiographs and in 16 (51.61%) using the radiographs 
procured with the acrylic mold (p = .046). The sensitivity and specificity of the 
radiographs obtained with the acrylic mold was 75% and 100%, respectively. We 
concluded that the use of the acrylic mold improved the radiographic diagnostic 
accuracy compared with routine radiographs for the treatment of ankle fractures. 
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Introduction 
The management of ankle fractures using inaccurate criteria, such as 
radiographs of poor quality, can lead to suboptimal outcomes and disability. The 
treatment choice for an ankle fracture, conservative or operative, traditionally 
depends on the degree of radiographic displacement of the lateral malleolus. 
Recently, it has been recognized that the treatment choice should depend 
predominantly on preservation of the tibiotalar congruity, and widening of the 
medial clear space is considered the preferred indicator for displacement of the 
talus
1–4
. Furthermore, the most reliable radiograph for the assessment of ankle 
congruity is the mortise view, which is an anteroposterior (AP) view with the foot 
internally rotated approximately 20˚ and dorsiflexed to 90˚ (right ankle to the 
leg)
5,6
. Therefore, the leg is internally rotated until the medial and lateral malleoli 
are projected, without projection of the talus over the medial and lateral malleolus. 
This is often difficult to assess, especially in patients with pain and soft tissue 
swelling from the ankle fracture. Also, the expertise of the radiologic technologist 
strongly influences the diagnostic value of the mortise view used to determine 
whether displacement of the ankle warrants surgical repair. Figure 1 illustrates the 
influence of the degree of medial foot rotation on the accuracy of the ankle mortise 
to reveal the 3 articular components of the ankle (i.e., the lateral talofibular, 
central talotibial, and medial talotibial spaces) potentially visible on the optimal 
mortise projection. As can be seen in Fig.1, 20˚ to 25˚ of internal (medial) rotation 
of the foot optimizes visualization of all three articular components of the ankle 
joint space. 
With this background information in mind, we undertook a prospective 
assessment of radiographs obtained with and without the use of an acrylic mold to 
position the ankle in a series of patients who had sustained an ankle fracture. Each 
patient served as their own control, in that both types of radiographs (with and 
without the acrylic mold) were obtained for every broken ankle. The diagnostic 
outcome of interest was the indication to proceed to surgery for operative repair of 
an unstable, displaced fracture. The acrylic mold was used to maintain the ankle in 
an optimal, standardized position while procuring the mortise radiographic image. 
We hypothesized that the use of the acrylic mold would be feasible in the 
emergent radiographic assessment of ankle fractures and that it would eliminate 
the variability associated with routine, freehand positioning of the ankle and more 
accurately identify the need for surgical repair the displaced ankle fracture. 
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Fig. 1. Influence of degree of rotation on accuracy of mortise view. 
Patients and methods 
A transparent acrylic positioning jig (mold) (Figure 2) was produced by the 
technical department of our hospital. The mold consisted of four 4-mm-thick 
sections of radiolucent acrylic (transparent polymethyl methacrylate). A 30 x 50-cm 
section of acrylic formed the base, with a 30 x 32-cm piece extending from the 
short side of the base to support the two remaining 35 x 50-cm sections. The acrylic 
sections diverged from the middle of the base at -25˚ and 25˚ angles relative to the 
sagittal plane. The production cost of the acrylic mold was approximately $200 
(USD), and the mold was suitable for use with both left and right ankles. For an 
optimal view (5,6), the patient’s foot was oriented at a 90˚ angle relative to the leg, 
with the heel, medial malleolus, and medial side of the foot gently pressed against 
the medial section of the acrylic. The X-ray beam was oriented perpendicular to the 
anterior surface of the ankle, in essence a vertical beam, with the ankle securely 
held in the acrylic jig, so that an AP mortise view of the ankle, projecting the 3 
spaces of the ankle (lateral talofibular, central talotibial, and medial talotibial), was 
obtained (Figure 3). Moreover, a lateral radiographic view could be obtained with 
the X-ray beam oriented horizontally.  
After the patients provided informed consent to voluntarily participate in 
our clinical investigation, which was approved by our institutions’ local and national 
ethical review boards, 31 consecutive patients who presented to the emergency 
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department with an ankle fracture were examined. In addition to the standard, 
freehand AP mortise and lateral radiographs used to evaluate the ankle injury, the 
radiologic technologists were instructed to obtain a second AP mortise view and a  
 
 
Fig. 2. Schematic illustration of acrylic mold 
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Fig. 3. Photograph of patient’s leg in acrylic mold 
second lateral view using the acrylic mold to position the ankle. It is important to 
understand that, at our institution, the radiologic technologists are the medical 
personnel who perform the diagnostic imaging examinations and administer 
radiotherapy. They have been educated in anatomy, patient positioning, 
examination techniques, equipment protocols, radiation safety, radiation 
protection, and basic patient care. The primary freehand radiographs were taken 
with the patient lying on the radiographic examination table in the supine position, 
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with the ankle in maximal dorsiflexion and approximately 25˚ of internal rotation, 
and the quality of the radiographs was assessed by noting the number of free joint 
spaces (maximum of 3: lateral talofibular, central talotibial, and medial talotibial) 
evident on the mortise view. Optimally, with a true horizontal focus of the X-ray 
beam and proper positioning of the foot and ankle, all three joint spaces of the 
ankle will be projected. According to the investigational protocol, the following 
criteria were considered important for discrimination between conservative and 
operative treatment:  
1. Tibiotalar incongruity, as determined by widening of the medial joint 
space: 1mm or less widening was considered to represent 
preservation of joint congruity, and the fracture was treated 
conservatively; 2 mm or more was considered incongruous, and the 
fracture was treated surgically. 
2. Displacement of the fibula (lateral joint space): 2 mm or less of 
displacement was treated conservatively and 3mmor more of 
displacement was treated operatively.  
Because both of these criteria could indicate contradictory treatment of 
the same ankle fracture, the assessment of conservative or operative treatment on 
the basis of both criteria was performed on each set of radiographs. In our 
department, fibular dislocation was considered to be less important than tibiotalar 
incongruity in the event of contradictory findings, as noted above, even though we 
expected that application of both criteria would lead to uniform treatment 
advice
7,8
. The treating surgeon interpreted the radiographs, and the data used in 
the present study were abstracted from the medical record by us (C.L.).  
We undertook a statistical description of the cohort of patients and 
performed a null hypothesis test (Wilcoxon rank sum test) to determine the 
significance of the differences between the radiographic methods. We also 
described the diagnostic operational characteristics of the acrylic mold method of 
ankle radiographic assessment. Statistical significance was defined at the 5% level 
(p ≤ .05), and the analyses were performed using SPSS®, version 16.0 (SPSS Inc, 
Chicago, IL). 
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Results 
We evaluated the radiographs of 31 consecutive patients, during a 12-
month period (January 1, 2006 to December 31, 2006). Of the 31 patients, 16 
(51.61%) were male and 15 (48.39%) were female. Their median agewas 37 (range 
17 to 72) years. Using the study criteria and the description of optimally identifying 
the three articular components of the ankle joint space (i.e., lateral talofibular, 
central talotibial, and medial talotibial, as described in the “Patients and Methods” 
section), a total of 93 components (3 components in 31 patients) could potentially 
be identified radiographically. A total of 58 joint spaces (62.37%) were identified on 
the routine, freehand radiographs, and the use of the acrylic mold identified 74 
(79.57%; p < .0001; Table 1). On the basis of a medial clear space widening of 
greater than 1 mm, surgical repair of the fracture was indicated for 6 patients 
(19.36%) using the routine, freehand radiographs and for 8 patients (25.81%) using 
the radiographs procured with the use of the acrylic mold (p = .317; Table 1). On 
the basis of fibular dislocation alone, surgical repair of the fracture was indicated 
for 12 patients (38.71%) using the routine, freehand radiographs and for 15 
patients (48.39%) using the radiographs procured with the acrylic mold (p = .083; 
Table 1). Combining the diagnostic criteria (all patients with >1 mm medial clear 
space widening and >2 mm fibular dislocation on the mortise view), surgical repair 
of the fracture was indicated for 12 patients (38.71%) using the standard, freehand 
radiographs and for 16 patients (51.61%) using the radiographs procured with the 
acrylic mold (p = .046; Table 1). On the standard, freehand radiographs, 12 patients 
(38.71%) had radiographic findings that indicated the need for surgical repair. of 
these 12 patients, 7 (58.33%) were male and 5 (41.67%) were female. On the 
radiographs procured with the acrylic mold, 15 patients (48.39%) had radiographic 
findings indicating the need for surgical repair. Of these 15 patients, 9 (60%) were 
male and 6 (40%) were female. The operational characteristics of the radiographic 
diagnostic information obtained relative to the results of the radiographs indicating 
the need for surgery for the standard, freehand radiographs versus those procured 
with the acrylic mold are listed in Table 2. The calculations obtained with use of a 2 
x 2 contingency table (Table 2) showed that no patient had a radiographic 
indication for surgery if the radiographs obtained with the acrylic mold revealed 
persistence of ankle mortise stability. Moreover, with the outcome of interest 
being the indication to operatively repair the ankle fracture, the diagnostic 
sensitivity of the radiographs procured with acrylic mold was 0.75 (75%), and the 
specificity was 1 (100%). Also, the positive predictive value (probability that the 
patient has the indication for surgery if the test result is positive) was 1, and the 
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negative predictive value (probability that the patient does not have the indication 
for surgery if the test result is negative) was 78.95. Finally, the positive likelihood 
ratio (probability of an indication to treat surgically for those with a positive test 
result) was 42.86, the negative likelihood ratio (probability of an indication to treat 
surgically for those with a negative test result) was 0.25, and the diagnostic 
accuracy was 87.1.   
TABLE 1  Routine X-ray Mould X-ray P 
Number of identifiable joint spaces (%) 58/93 (63) 73/93 (80) 0.000* 
>1 mm medial clear space widening (%) 6/31 (19) 8/31 (26) 0.317 
>2 mm fibular dislocation on lateral of mortise view (%) 12/31 (39) 15/31 (48) 0.083 
Operation indication based on radiograph (%) 12/31 (39) 16/31 (52) 0.046* 
*p<0.05 (Wilcoxon test), data in parentheses are percentages 
N = 31 ankle in 31 patients with 93 potential articular spaces. 
 
                              TABLE 2 Operation indication based on mould X-ray’s 
Yes No 
Operation indication based on 
routine X-ray’s 
Yes 12 0 
No 4 15 
 
Figure 4 shows a representative example of the effect of the acrylic mold 
on the radiographs of a 48-year-old man who sustained an Orthopaedic Trauma 
Association (Rosemont, IL) type B ankle fracture and whose medical record did not 
reveal any evidence of medial ankle injury (e.g., hematoma, pain, or swelling). 
Without the acrylic mold (Fig. 4A), the radiograph showed subtle disruption of the 
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imaginary tibiotalar axis, with fibular shortening effecting incongruity (disruption) 
of the one third imaginary circle formed by the facies articularis of the lateral 
malleolus and the recussus peronealis. In the radiograph with the mold (Fig. 4B), 
the disruption of the imaginary tibiotalar axis and fibular shortening increased. This 
second radiograph with the mold led to the conclusion that this fracture was 
unstable and required surgery. 
 
Fig. 4. (A) Conventional freehand mortise view compared with (B) mold-derived AP 
mortise radiograph showing increased disruption of imaginary tibio-talar axis and 
fibular shorthening.  
Discussion 
The present study addressed two important issues: the importance of the 
ankle mortise view, obtained in both AP and lateral projections, in the 
ascertainment of the degree of displacement. The ankle mortise view pertains to 
the indication to proceed with surgical repair of the injured ankle. Our results have 
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shown that it is feasible to use the acrylic mold to obtain radiographs of the acutely 
injured, swollen, and painful ankle in the emergent setting. With careful use of the 
radiologic equipment, combined with correct positioning of the ankle in the acrylic 
mold, we were able to obtain more accurate identification of the 3 potentially 
visible components of the joint space radiographically compared with the view 
from routine, freehand radiographs (79.57% versus 62.37%, respectively, p < 
.0001). Moreover, the number of patients with the radiographic indication to 
operate on the fractured ankle was significantly increased statistically with use of 
the acrylic mold compared with that from the routine, freehand radiographs 
(51.61% versus 38.71%, respectively, p = .046). We believe that the greater number 
of patients with the radiographic indication for surgery of their fractured ankle 
resulted from the greater sensitivity (75%) and specificity (100%) of the images 
procured with the acrylic mold. Understanding, also, that the positive and negative 
predictive values of a diagnostic test are sensitive to changes in disease prevalence 
and that our population consisted of patients seeking emergent treatment of their 
acutely injured ankle, we believe that the operational characteristics of the 
radiographs obtained with the acrylic mold performed reasonably well. 
Nonetheless, we recommend that these results be carefully considered to ensure 
that the disease prevalence (i.e., an ankle fracture in need of surgical repair in our 
study) is the same in the readers’ population of interest as that found in our patient 
population.  
The benefits of using a mold, or jig, to position the target structures are 
well recognized for fractures of the scaphoid
9
 but have yet to be reported, to our 
knowledge, for ankle fractures. Although no mold will ever fit all patients perfectly 
because of individual differences in anatomy, it can enhance the image quality, as 
was shown in our investigation relative to ankle radiographs. The use of a mold 
could potentially minimize adverse effects resulting from a lack of experience of 
the radiologic technician. It also reduces the variability in the radiographic quality. 
Another advantage is that patients can relax their muscles completely, because the 
mold provides the appropriate degree of dorsiflexion and stabilizes the injured 
part. Moreover, support of the medial edge of the foot enhances identification of 
the widening of the medial clear space.  
Our review of the published data relative to the mortise view of the ankle 
showed that the use of this image is generally considered useful; however, the 
angle at which it is obtained has ranged from 15 to 25˚ of internal rotation of the 
foot
1,5,6,10–12
. One report advised the use of different mortise views for men (20˚) 
and women (15˚)
11
. To date, the optimal degree of internal (medial) rotation of the 
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foot for optimal inspection of the ankle mortise remains to be determined. We 
believe that the use of the acrylic mold described in our report could be useful in 
future investigations aimed at determining the best method of inspecting the ankle 
mortise. The use of the acrylic mold did not enable radiographs in which 100% of 
the joint space was identifiable, most likely because of inaccurate positioning of the 
foot despite the mold and persistent dislocation of the ankle when the image was 
taken. This was a limitation of our investigation. The exact amount of fracture 
displacement and, hence, the precise staging of the fracture, was different when 
the mold was used. We believe this had a direct effect on the treatment choice. In 
those cases in which it was impossible to assess all three components of the ankle 
joint space because of severe dislocation and double projection (overlap) of the 
osseous structures, operative treatment was more likely to be indicated. Also, our 
study design enabled us to compare the use of the acrylic mold to the reference 
standard of the routine, freehand positioning radiographic mortise view of the 
fractured ankle.  
From the results of our study, the protocol in our hospital changed such 
that all ankle injuries that, from the physical examination findings, required 
radiographic inspection, undergo mortise and lateral ankle radiographic inspection 
using the acrylic mold. The results of our investigation, moreover, led us to 
conclude that the use of the acrylic mold provided a relatively inexpensive method 
of improving the diagnostic value (accuracy) of the ankle radiographs. We also 
believe that the results of our investigation could be used in the development of 
future randomized controlled trials and prospective cohort studies focusing on the 
radiographic diagnosis of ankle fractures that require surgical intervention. We 
believe an evaluation of the effect of the acrylic mold for different types of ankle 
fractures and of the differences in the optimal amount of tibial rotation between 
the genders and the contralateral ankle would be of particular interest.  
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Abstract 
Little is known about the specific etiology of nonunion of stable 
orthopaedic Trauma Association (OTA) type B fractures. In the present 
retrospective cohort study, we investigated all patients with a nonunion in a level 1 
trauma center during an 8.5-year period. Patient history, clinical findings, 
radiographic features, and therapeutic aspects were critically evaluated to be able 
to predict the nonunion. In the predefined period, 388 patients were treated for a 
stable OTA type B fracture. Eight patients (2.1%) developed a nonunion. 
Retrospectively, the radiographic features in 6 of the 8 patients and clinical findings 
in 1 of the 8 patients could predict the nonunion. We conclude that in almost every 
nonunion occurring after a “stable” OTA type B fracture in the present study were, 
in fact, originally unstable fractures.  
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Introduction 
The systemic and local factors associated with the nonunion of fractures in 
general are pretty well understood. However, the etiology of nonunions in specific 
fractures can be less clear. The mechanisms of nonunion of the distal fibula have 
been a topic of research in the past. Almost 40 years earlier, Sneppen
1
 found that 
pseudarthrosis was associated with fractures involving the medial malleolus, 
fractures of the supination type, and varus displacement of the talus. However, 
much has changed since then, and unstable ankle fractures are almost invariably 
surgically treated, dramatically reducing the incidence of non- and malunions. 
Nonunion after a stable Orthopaedic Trauma Association (OTA) type B fracture of 
the lateral malleolus is a relatively rare, but disabling, complication. Moreover, end 
stage ankle osteoarthritis occurs significantly more quickly after nonunion
2
. An 
estimation of the incidence of fibular nonunion after proper conservative 
treatment of stable OTA type B fractures and a reassessment of the risk factors has 
not been performed since the study by Sneppen
1
. The aims of the present study 
were to assess the incidence of nonunion in conservatively treated, stable OTA type 
B ankle fractures, and to analyze the risk factors that might have attributed to this 
adverse condition. Another aim of our study was to estimate the incidence of 
nonunion in stable OTA type B ankle fractures to determine whether computed 
tomography (CT) or magnetic resonance imaging (MRI) is justified to identify 
covered instability on conventional radiographs. Our hypothesis is that the most 
important local factor to explain a nonunion after an OTA type B fracture is the 
underestimation of instability.  
 
Patients and methods 
Patient Selection 
Using a prospective electronic medical record system, all patients visiting 
the St. Elisabeth Hospital (level 1 trauma center) from January 1, 2000 to January 8, 
2008, who were treated conservatively for a stable OTA type B ankle fracture, were 
identified. All patients referred from other hospitals were excluded. The database 
was searched using the “International Classification of Disease, 10th edition,” code 
for lower leg fractures (code S82*), as well as free text for the terms “Weber B,” 
“supination,” and “eversion.” Within this search, a new search was performed 
using the “International Classification of Diseases, 10th edition,” code for 
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pseudarthosis (code M84.1) and nonunion (code M96.0) and the free text for the 
terms “pseudarthrosis,” “nonunion,” “non-union,” and “non union” (in the Dutch 
language). All medical records of the patients with a positive match for this search 
strategy were selected for detailed review.  
Study Parameters 
The following items were assessed: 
1. Patient characteristics, history, and clinical findings: age, gender, 
fracture site, smoking, diabetes mellitus, corticosteroids, body mass index, 
alcohol abuse, and osteoporosis and evidence of medial malleolar pain, 
hematoma, or swelling in the acute and chronic phase. 
2. Radiologic features known to be relevant for fracture classification: 
tibiotalar incongruity, medial (avulsion) fracture, medial joint space 
widening, talar tilt, secondary dislocation, fibular shortening, and 
indications of medial injury on later CT scans.  
3. Treatment aspects: treatment type and duration and interval to the 
diagnosis of nonunion and definite surgical treatment.  
For each patient, the risk factors for nonunion were scored as present, not 
present, or unknown (not available) if because of inadequate documentation, no 
information could be obtained. All individual radiologic features were scored after 
discussion and agreement by all of us. According to our hospital protocol, every 
patient underwent at least 3 sets of radiographs (anteroposterior, mortise, and 
lateral view). A first set of radiographs to determine the diagnosis at the emergency 
department was followed by a second set of radiographs to determine the correct 
position of the ankle in a cast. One week later, a third set of radiographs of the 
ankle without the cast was performed to check whether conservative treatment 
could be continued. Medial joint space widening of 2 mm or more on any mortise 
view during treatment was scored as positive. If we detected progressive distal 
fibular fragment dislocation on the successive radiographs and if the patient had 
not undergone surgical treatment, secondary dislocation was scored as positive as 
a cause of nonunion. Fibular shortening was scored as positive when significant 
proximal displacement of the fibular notch (Shenton’s line) and disruption of the 
1/3 imaginary circle formed by the facies articularis of the lateral malleolus and the 
recessus peronealis were present (Figure 1).  
83 
 
 
Treatment Protocol 
In our hospital, patients with malleolar fractures are treated in 
conformance with a strict protocol
3
. All OTA type B fractures are subdivided into 
supination-eversion (SE) type II, III, and IV injuries according to the Lauge Hansen 
classification system
4
. SE type II and III injuries are considered stable and were 
therefore treated conservatively. SE type IV injuries are considered unstable and 
were therefore treated with open reduction and internal fixation.  
 
Results 
In the predefined study period, 388 patients sustained an isolated lateral 
malleolar fracture (OTA type B) that was considered stable and was therefore 
treated conservatively (46 patients/year). Of these 388 patients, 8 (2.1%) 
developed a nonunion. All relevant items in the patient history of this subset are 
summarized in Table 1. The average age ± standard deviation at injury was 49 ±20 
years. Of the 8 patients, 5 were women; 4 fractures were right sided. At the initial 
presentation, 1 patient (patient 1) had medial malleolar swelling and pain, and 4 
did not (patients 2, 3, 4, 5). For 3 patients (patients 6, 7, 8), no information on 
medial injury was stated in the medical record. Patients 2 and 5 had documented 
osteoporosis, patients 3 and 6 had known type 2 diabetes. None of the patients 
was known to have a history of alcoholism. The mean body mass index was 27.1 ± 
4.1 kg/m2.  
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Fig. 1. Shenton’s line. Arrow 1 shows a 4-mm too proximal fibular notch. Arrow 2 
shows where Shenton’s line (a small ‘coin’ in the facies articularis and recessus 
peronealis) should be (uninterrupted circle). Arrow 3 shows 3-mm lateral 
displacement of distal fibular fracture fragment. Fragment is 10˚ angulated. 
Dubious talar tilt is present. 
85 
 
Table 1 Statistical discription of the 8 cases (2.1% of 388 patients) identified with a 
nonunion associated with an isolated lateral malleolar fracture (OTA type B). 
Patient history Patient numer 
 1 2 3 4 5 6 7 8 
Age 36 66 84 57 32 56 38 23 
Sex M F F F M M F F 
Fracture side L R R L R R L L 
Medial malleolar swelling or pain + - - - - NA NA NA 
Body Mass Index 24 28 27 25 27 31 21 34 
Diabetes mellitus - - + - - + - - 
Osteoporosis - + - - + - - - 
Smoking - - - - + - + - 
Use of corticosteroids - - - - - - - - 
m: male, f: female, l: left, r: right; NA: not available 
 
The radiodiagnostic features are listed in Table 2. No clue for the 
development of a nonunion was found in the diagnostic imaging findings of 
patients 1 and 2. No CT or MRI scan was performed for patient 1. In patient 3, the 
lateral displacement of the distal fibular fragment increased from 2 mm at the 
emergency department to a maximum of 5 mm on a follow-up radiograph the next 
week. In the subsequent 6 months, patient 3 did not receive additional surgical 
reduction or stabilization of the distal fragment. Patient 4 had an avulsion fracture 
of the medial malleolus that was also seen on the CT scan approximately 3 months 
after the injury. For patient 5, radiographs showed minor valgus talar tilt and 
questionable medial joint space widening. A CT scan 16 weeks later showed 
evidence of medial involvement expressed in a medial talus cyst. Patient 6 had a 4-
mm fibular notch shortening on the initial photographs taken 6 weeks after 
trauma. Because of later substantial calcifications in the area of the interosseous 
membrane, it was concluded that the membrane must have been ruptured. Patient 
7 had tibiotalar incongruity with marked valgus talar tilt on the initial radiographs. 
In patient 8, a radiograph 15 weeks and a CT scan 19 weeks after trauma showed a 
medial malleolar avulsion fracture.  
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Table 2: Radiographic features of the 8 cases (2.1% of 388 patients) identified with 
a non-union associated with an isolated lateral malleolar fracture (OTA type B). 
Radiological features Patient numer 
 1 2 3 4 5 6 7 8 
Tibio-talar incongruity - - - - - - + - 
Medial joint space widening - - - - ± - - - 
Medial malleolar (avulsion) fracture - - - + - - - - 
Talar tilt - - - - ± - + - 
Fibular shortening - - - - - + - - 
Secondary fibular dislocation on 
AP/mortise radiograph 
- - + - - - - - 
Indications of medial injury on later CT/MRI np - np - + np np + 
np: not performed, ±: dubious 
 
The various treatment aspects are shown in Table 3. The median duration 
of conservative fracture treatment was 13 weeks (range 6 to 33), varying from 
weight and non-weightbearing casts, tape bandage, a stabilizing shoe (5), and 
physiotherapy. Before his first hospital visit, patient 6 was treated with a tape 
bandage for 6 weeks by his family doctor. No other patient was referred from their 
family doctor. The median period from injury until the “nonunion” was diagnosed 
was 18.5 weeks (range 10 to 34). The main complaint at the diagnosis of the 
“nonunion” was persistent pain. All but 1 patient (patient 5) underwent surgery to 
correct the nonunion. Patient 5 refused surgery at 17 weeks after his fracture. At 
23 weeks after the injury, he had not yet reported back.  
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Table 3 Treatment characteristics of the 8 cases (2.1% of 388 patients) identified 
with a non-union associated with an isolated lateral malleolar fracture. 
Treatment aspects  Patient number 
 1 2 3 4 5 6 7 8 
Type & duration (weeks) of treatment         
    Non-weightbearing cast 6 4 - 4 - 1 - 6 
    Weightbearing cast - 7 6 2 6 - 10 - 
    Stabilizing shoe - - - - - 8 9 - 
    Physiotherapy - 18 27 - 11 - - - 
Time (weeks) to diagnose 
nonunion 
 12 31 34 10 18 11 19 26 
Definite surgical treatment  TP LS* LS TP - LS TP LS 
Abbrevations: LS, lag screw; TP, ⅓ tubular plate.  
* with autologous cancellous bone graft 
 
The retrospective OTA (type A, B, or C) and Lauge Hansen (SE type II, III, or 
IV) classification are shown in Table 4. Six patients (1, 3, 4, 6, 7, and 8) scored high 
for developing nonunion. Patient 2 scored low, and patient 5 scored intermediate 
for the occurrence of nonunion on the initial radiograph. Later, CT confirmed 
medial involvement in patient 5 with a medial talar cyst; therefore, this patient 
must have had an SE type IV injury.  
 
Table 4 Revised classification of the 8 cases (2.1% of 388 patients) identified with a 
non-union associated with an isolated lateral malleolar fracture. 
Revised classification                             Patient number 
 1 2 3 4 5 6 7 8 
OTA type B2 B1 B2 B2 B2 B2 B2 B2 
Lauge Hansen SE IV SE II-III SE IV SE IV SE IV SE IV SE IV SE IV 
Abbrevations: OTA, Orthopaedic Trauma Association; SE, supination-eversion 
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Discussion 
Both general and local factors can account for an upcoming nonunion. In 
general, systemic conditions such as alcoholism, corticosteroid use, obesity, and 
diabetes mellitus are known to play a role in the cause of nonunions after a 
fracture. Boyd et al
6
 found that nonunion after a fracture of long bones in 842 
patients was more common when fractures were open, infected, segmental, with 
impaired blood supply, comminuted by severe trauma, insecurely fixed, 
immobilized for an insufficient period, or distracted by either traction or a plate 
and screws.  
In the present case series, we found 8 (2.1%) nonunions in 388 patients. In 
retrospect, patient history was not helpful to explain the nonunions, except for 1 
patient with pain at the medial malleolus. Although some general health conditions 
that might affect bone healing negatively were found, a clear pattern was absent. 
With regard to patient history, a potential source of bias was the missing 
information owing to the retrospective character of our study. A closer view of the 
treatment aspects also did not provide any factors predictive of nonunion. 
However, the expression of joint instability on the initial radiographs or the follow-
up investigations were found in 6 patients: medial clear space widening, fibular 
shortening, lateral dislocation of the distal fibular fragment of more than 2 mm, 
talar tilt, and medial malleolar fracture. If the clinical and radiographic signs were 
combined, the presence of an unstable fracture of the lateral malleolus with injury 
to the medial side of the joint was very likely in 7 of 8 patients. Nonunion of the 
OTA type B fractures seemed to be related to an underestimation of instability. This 
was supported in that our search strategy did not identify nonunions occurring 
after surgical stabilization. Although the contribution of general health conditions 
and patient behavior could not be ruled out, their contribution to nonunion seems 
less likely.  
Data on the incidence and cause of nonunion of ankle fractures in 
published studies can only be found in the era before the criteria for surgical 
treatment had been formulated. In 1971, Sneppen
1
 reported 25 fibular nonunions 
in 4760 ankle fractures. Of the 25 nonunions, 6 had occurred in SE injuries (1 SE 
type II and 5 SE type IV). However, because the total number of SE injuries was not 
reported, the incidence could not be calculated. Since the study by Sneppen
1
, only 
Walsh and DiGiovanni
7
 reported on the incidence or causes of fibular nonunions in 
stable OTA type B fractures. They described 6 patients with incomplete union or 
nonunion as a cause of persistent lateral ankle pain after adequate conservative 
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treatment of a rotational ankle fracture. They hypothesized that the symptoms 
resulted from persisting micromotion strain at the incomplete fracture union site. 
The incidence was not provided. More recent textbooks
8,9
 stated that the 
knowledge of different classification systems is essential to understand and treat 
fractures of the ankle joint properly. Lauge Hansen
4
 classified SE type IV injuries as 
oblique lateral malleolar fractures, including medial injury (avulsion fracture of 
medial malleolus or deltoid ligament rupture). The published data support open 
reduction and surgical stabilization
10,11
 for these unstable fractures. Therefore, it is 
considered a mistake to not search for, or exclude, a deltoid ligament rupture 
during physical examination, as previously reported by Feitz et al
12
.  
To avoid nonunion with its high effect owing to the severe morbidity and 
disabling consequences (e.g., pain, impaired function, work leave, and early post-
traumatic osteoarthritis), the focus should be on the detection of additional injury 
other than solely an isolated stable lateral malleolar fracture. In our study, an 
inadequate understanding of the pathophysiology and classification rules led to 
abusive conservative treatment in 5 patients with unstable OTA type B fractures. 
The absence of medial swelling or hematoma on physical examination does not 
predict the absence of injury to the deltoid ligament
13
, and judging radiographs 
properly is difficult even for experts. The exclusion of a medial injury with an early 
MRI or CT scan can be considered in doubtful cases to diverge away from surgical 
intervention. In a recent study by Gardner et al
14
, MRI and conventional 
radiographs were compared for the ability to classify fractures using the Lauge 
Hansen system. They concluded that the Lauge Hansen system might have some 
limitations in predicting soft tissue damage, and MRI is useful, especially in cases of 
doubtful joint stability and soft tissue integrity. The personal consequences and 
socioeconomic effect of someone who is not able to work for quite some time, 
eventually developing early osteoarthritis from nonunion of the ankle, are 
considerable. However, with an estimated incidence of 2.1% nonunions, 56 
patients would need to undergo routine CT or MRI to prevent a single nonunion. 
These numbers do not seem to justify CT or MRI for every patient for this 
condition. Assuming that stable OTA type B fractures can be treated conservatively 
and the unstable ones need open reduction and internal fixation, a dynamic 
visualization of the stability or instability of the ankle joint with realtime stress 
fluoroscopy might be a more cost-effective alternative than the use of advanced 
static techniques such as CT or MRI. Park et al
15
 proved that a clear medial space 
widening of 5mm or more, with radiographs taken with the patient in dorsiflexion 
and external rotation after destabilizing ankles according to the supination external 
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rotation mechanism of Lauge Hansen was the most reliable predictor of deep 
deltoid ligament rupture. All other stress conditions and increases in clear medial 
space widening of 2 or 3 mm were less predictive.  
We have to conclude the detection of SE type IV injuries is 
underestimated. Of all nonunions after “stable” SE type II-III injuries, 2.1% appear 
to merely result from “unstable” SE type IV injuries. Finally, conservative 
(functional) treatment of “unstable” (and underestimated) SE type IV injuries 
seems to lead to nonunion more often.  
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conservatively treated ‘isolated’ 
posterior malleolar ankle fractures: 
A case series  
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Abstract 
 We assessed the long-term (20 years) outcome of closed reduction and 
immobilisation in 19 patients with an isolated fracture of the posterior malleolus of 
the ankle treated at a single hospital between 1985 and 1990. The assessments 
used were an Olerud functional questionnaire score, physical examination using a 
loaded dorsal and plantar range of movement measurement, radiological analysis 
of medial joint space widening, the Cedell score for anatomical alignment of all 
three malleoli, and the radiological presence of osteoarthritic change. There were 
excellent or good results in 14 patients (74%) according to the Olerud score, in 18 
patients (95%) according to loaded dorsal and plantar range of movement 
assessment, in 16 patients (84%) as judged by the Cedell score, and for 
osteoarthritis 18 patients (95%) had an excellent or good score. There were no 
poor outcomes. There was no correlation between the size of the fracture gap and 
the proportion of the tibiotalar contact area when compared with the clinical 
results (gap size: rho values -0.16 to 0.04, p ≥ 0.51; tibiotalar contact area: rho 
values -0.20 to -0.03, p ≥ 0.4). Conservative treatment of 'isolated' posterior 
malleolar fractures resulted in good clinical and radiological outcome in this series 
at long-term follow-up. 
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Introduction 
Isolated posterior malleolar fractures are rare with an estimated incidence 
among ankle fractures of 0.5%,
1-4
 but the literature is unclear on the mechanism of 
this type of fracture. An isolated posterior malleolar fracture can either be the bony 
variant of a rotational injury to the posterior syndesmotic ligament, for instance a 
supination external rotation type III lesion in the Lauge Hansen classification 
system,
5
 or be due to plantar hyperflexion combined with a vertical compression 
force.
6-8
 Others believe the injury is always part of a high fibular (Maisonneuve) 
fracture,
9,10
 which may be missed. There is debate as to whether a posterior 
malleolar fracture can exist in isolation or whether there is always an associated 
ligamentous injury.  
This fracture is interesting not only pathophysiologically but also because 
of its effect on the role of the posterior malleolus acting as a dorsolateral pillar in 
axial transfer of load from the talus to the tibia. This isolated fracture can serve as a 
model to investigate the effect of loss of the weight-bearing area on the long-term 
clinical outcome and the possible development of osteoarthritis.  
The aim of our study was to perform a long-term clinical and radiological 
follow-up of conservative treatment in a consecutive group of patients with an 
isolated fracture of the posterior malleolus of the ankle, in order to see if there was 
a significant risk of developing osteoarthritis.  
 
Patients and methods 
 A prospective registry of all orthopaedically injured patients treated at the 
Saint Elisabeth Hospital in Tilburg (a level 1 trauma centre) was kept from 1 January 
1985 onwards. From this database, all those who sustained an isolated fracture of 
the posterior malleolus of the ankle in the period from 1 January 1985 to 1 January 
1990 were extracted for retrospective analysis. We excluded all patients who 
1) were referred to our hospital for secondary treatment of complications; 2) had 
received primary treatment elsewhere; 3) had sustained ipsilateral crural, talar, 
calcaneal or Lisfranc fractures or dislocations; 4) had died before definitive 
treatment was given; and 5) who were skeletally immature at the time of injury.  
Because of the long follow-up interval an extensive effort to retrieve 
patients was necessary. Patients were first invited by telephone but if they could 
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not be reached an invitation letter was sent to their home address. If they did not 
respond, the national online health insurance declaration system was used to 
contact their current general practitioner (GP). Individual telephone numbers or 
addresses were not accessible in this online system because of privacy regulations. 
The Google internet search engine and the Dutch online phonebook were also used 
to trace patients and their GPs. A total of 580 adults with ankle fractures during a 
period of five years (1985 to 1990) were screened, and 24 (4%) with an ‘isolated’ 
posterior malleolar fracture were detected.  
All patients had been treated conservatively with closed reduction by 
gentle dorsiflexion to an anatomical position followed by application of a plaster 
cast, either with progressive weight-bearing in a lower-leg plaster cast with the foot 
in neutral position for six weeks (n = 22), or with a tape bandage (n = 2). One week 
after the injury a second radiograph without a cast was made to detect secondary 
fracture displacement. Two weeks after removal of the plaster or tape, a third 
radiograph was made. At follow-up one patient had died, another refused to co-
operate, and three could not be traced. After obtaining informed consent, patients 
visited the outpatients’ department where they were interviewed, examined, and 
radiographs were taken.  
All patients were evaluated by an author (CCMAD) using the scoring 
system proposed by Olerud and Molander,
11
 which is based on pain, stiffness, 
swelling, sports undertaken, supports required, stair-climbing and daily activity and 
work. The loaded dorsal and plantar ranges of movement of the tibiotalar joint 
were measured by the same author (CCMAD) according to the method of Lindsjö,
12
 
in which the patient, standing with the knees and hips flexed, places both feet into 
a mould with a hinge and a goniometer at the level of the tibiotalar joint. 
Supination and pronation were not measured as these movements are located 
mainly in the subtalar joint and the mid and forefoot.
13
 Radiological features were 
assessed using the criteria of Cedell
14
 as well as assessment of widening of the 
medial clear space
15
 by an independent radiologist, who was unaware of the 
clinical outcome parameters. No additional evaluation of reproducibility was 
undertaken. Radiographs were anonymised and analysed in a random order. The 
Cedell classification
14
 for radiological anatomical position describes the separate 
results of the lateral, medial and posterior malleoli in terms of dislocation in 
millimetres. Osteoarthritis was assessed by observation of narrowing of the joint 
space, osteophyte formation and ligamentous calcifications. The various outcome 
parameters were classified as ‘excellent’, ‘good’, ‘moderate’ and ‘poor’ (Table I). 
The purpose of this classification was to measure objective measurable results, 
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instead of subjective results. Therefore, we used this classification method with 
well-defined criteria. 
TABLE 1      
Classification of the clinical results    
     
 excellent good moderate poor 
Olerud score (points)11 100-91 90-61 60-31 31-0 
Loss of loaded dorsal ROM (°) 0-3 4-10 11-20 >20 
Cedell score13  * anatomical/a/a ≥good/g/g ≥poor/./. <poor/./. 
Medial clear space wideningmm 0 ≤1 ≤2 >2 
Posttraumatic osteoarthritis † no signs osteophyte
s 
sclerosis/cysts 
/narrowing < ½ 
narrowing>½ 
*: anatomical/a/a means an anatomical result for medial, lateral and posterior malleolus; ≥good/g/g 
means at least a ‘good’ result for each malleolus, but not all anatomical according to the score of 
Cedell; ≥poor/./. indicates that one malleolus scores a ‘poor’ result according to Cedell whereas the 
other two score better. The classification ‘poor’ is given if more than one malleolus scores a ‘poor’ 
result according to Cedell.  
†: narrowing means joint space narrowing between tibia plafond and talar dome compared with the 
joint space between medial and lateral malleolus and talus.  
All the data were stored and processed using SPSS version 16.0 (SPSS Inc., 
Chicago, Illinois). We used mean as well as median values and the Spearman’s rho 
to correlate data. A significance level α = 0.05 was assumed.  
 
Results 
Patients and treatment data at the time of injury  
Table I presents the baseline characteristics at the time of injury of the 19 
patients available for assessment. At the time of the initial trauma all the patients 
but one reported pain on palpation of the ventral or medial side of the ankle, 
suggesting ligamentous injury. The median displacement of the posterior fragment 
before reduction was 4 mm (1 to 15) and median fragment size as a proportion of 
the tibial plafond as measured on lateral radiographs was 12% (3% to 47%). No 
complications (infection, secondary dislocation, re-fracture or algodystrophy) had 
occurred in any patient. Two patients with the worst initial displacement (11 mm 
and 15 mm, respectively) and with the largest fragments (47% and 35% of the tibial 
plafond, respectively), were treated in a non-weight-bearing plaster cast for three 
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weeks, followed by a weight-bearing plaster cast for another three weeks, and 
were followed up for 18 weeks (Figure 1).  
 
Results at long-term follow-up 
After a median of 20 years (17 to 24) follow-up was completed in 19 out of 
23 living patients. The median Olerud and Molander score was 100 points (mean 94 
(75 to 100)), with 10 patients (53%) in the ‘excellent’, four (21%) in the ‘good’ and 
five (26%) in the ‘moderate’ result groups. When the loaded dorsal range of 
movement was reviewed, 12 patients (63%) scored an ‘excellent’, six (32%) ‘good’ 
and one (5%) a ‘moderate’ result. The loaded plantar range of movement was 
‘excellent’ in 15 patients (79%), ‘good’ in three (16%) and ‘moderate’ in one (5%). 
Medial joint space widening was ‘excellent’ in six patients (32%) and ‘good’ in 13 
(68%). Concerning osteoarthritis there was an ‘excellent’ score in seven patients 
(37%), a ‘good’ score in 11 (58%) and a ‘moderate’ score in one (5%). Considering 
the Cedell score, nine of the patients (47%) scored an ‘excellent’, seven (37%) a 
‘good’ and three (16%) a ‘moderate’ result. No patient scored a ‘poor’ result in any 
of the outcome parameters (Fig. 2). When judging the Cedell score only for the 
posterior malleolus the result was ‘anatomical’ or ‘good’ in 95% (n = 18) (Table II). 
The two patients with severe displacement of large fragments both scored 
‘excellent’ results as judged by the Olerud and Molander score, the loaded dorsal 
range of movement and the Cedell scores, and ‘excellent’ or ‘good’ results in 
relation to medial joint space widening and osteoarthritis. There was no correlation 
(Spearman’s test) between the size of the gap and the clinical results (Olerud score: 
rho = -0.12, p = 0.62; Dorsal flexion: rho = -0.11, p = 0.65; Osteoarthritis: rho = 0.04, 
p = 0.88; Medial clear space widening: rho = -0.05, p = 0.833; Cedell score: rho = -
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0.16, p = 0.51), nor was there correlation between the percentage of the tibiotalar 
contact area compared with the clinical results (Olerud score: rho = -0.09, p = 0.73; 
Dorsal flexion: rho = -0.20, p = 0.40; Osteoarthritis: rho = -0.03, p = 0.89; Medial 
clear space widening: rho = -0.10, p = 0.67; Cedell score: rho = -0.14, p = 0.58). 
 
Discussion 
This cohort of 19 patients with ‘isolated’ posterior malleolar fractures from 24 such 
injured patients who were available for long-term evaluation from a database of 
580 consecutive ankle fractures suggests that the true incidence of this injury may 
be much higher (4%) than that reported in the literature (0.5%).
1-4
 However, 
despite our efforts to select only isolated posterior malleolar fractures, we cannot 
exclude the possibility that patients with associated injuries were included. Based 
on initial data from the 1985 prospective database, as judged by local medial 
tenderness, isolated posterior malleolar fractures would seem to be generally 
accompanied by ligamentous injury. The long-term prognosis is excellent or good, 
and radiologically severe post-traumatic osteoarthritis was not observed, although 
there were some radiological features of arthritis in 63% of cases. Although in our 
study there was no statistical correlation between the size of the gap and the 
percentage of the tibiotalar contact area compared with the clinical results, our 
sample size might have been too small to detect statistically significant differences 
(a type II error). The high incidence in our study of isolated posterior malleolar   
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TABLE 2 
Baseline characteristics of 19 patients at the time of trauma 
Sex:    
     male   13 
     female   6 
Localisation:    
     left   12 
     right   7 
Age (years; median [range]):  31 [16-52] 
Pre-existing disease:   0 
Trauma:    
     traffic   1 
     sports   9 
     domestic   6 
     work   1 
     other   2 
Soft tissue injury19:    
     grade 0   19 
Displacement in mm of posterior fragment (median [range])* 4 [1-15] 
Percentage fragment of total joint contact area (median [range])* 12 [3-47] 
Painful palpation at ventral side of the fibula or medial malleolus  
     yes   18 
     no   1 
Plaster cast    
     weight-bearing   4 
     non weight-bearing  15 
Physiotherapy    
     yes   6 
     no   13 
Complications/secondary dislocation 0 
Duration of outpatient treatment (median [range]) 8 [0-19] weeks 
 
*measured on lateral x-ray 
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ankle fractures could be the result of our prospective registration or due to 
different definitions in the literature. If we had assumed that all the patients with 
pain at the medial side of the ankle had a ligament injury and excluded them in 
order to select only ‘truly’ isolated posterior malleolar fractures, this would have 
left just one patient out of 580 ankle fractures. Brostroem, Liljedahl and Lindvall
8
 
performed arthrography in 18 patients with isolated posterior malleolar fractures 
and almost invariably found a blush of contrast at the side of the anterior 
syndesmotic ligament, suggesting that it had ruptured. In three patients 
arthrography was performed after three, four and seven days and there was no 
leakage of contrast, possibly prevented by fibrin deposition and clotting. It was 
thought that a truly isolated posterior malleolar fracture without concomitant 
ligamentous injury does not exist.  
A systematic review
16
 found only one previous clinical study of isolated 
posterior malleolar fractures,
6
 in which 22 patients were followed for a mean of 4.7 
years (9 months to 10 years). At follow-up 13 patients were symptom-free and 11 
had no signs of osteoarthritis. In the three operated patients with large fracture 
fragments the anterior syndesmotic ligament was torn. Owing to patient history 
the authors state that the fracture must be the result of extreme plantar flexion 
combined with axial loading such as might occur falling backward with the foot 
sliding forward on an uneven slippery surface. This suggests that the mechanism is 
similar to the Lisfranc injury. Although the sample size described was larger than 
ours, the follow-up was too short to detect end-stage osteoarthritis.
6
 Horisberger, 
Valderrabano and Hintermann
17
 showed that the latency period between injury 
and end-stage ankle osteoarthritis can be as long as 20 years.  
The reasonable number of patients in our study without or with limited 
osteoarthritis or clinical symptoms long after an isolated posterior malleolar 
fracture suggests that there is little risk of developing osteoarthritis after closed 
reduction of this type of fracture. An experimental study showed no reduction of 
the tibiotalar contact area in isolated posterior malleolar fractures, but only a 
change in distribution of the forces, suggesting that stability is mainly the result of 
a stable lateral and medial malleoli.
18
 None of our patients had a CT scan to 
estimate the size of the fracture fragment, which was measured on a plain lateral 
radiograph in accordance with common practice at that time. However, we now 
know that this leads to severe underestimation of loose or impacted posterior 
osteochondral fragments, and that radiographs have poor inter- and intra-
examiner reliability.
19,20
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Despite the retrospective design of our study it has several strengths. Our 
sample size was larger than in other studies on posterior malleolar fractures. 
Moreover, the number of patients lost to follow-up and the amount of missing data 
were small. Unfortunately, our sample size might have been too small to detect the 
development of osteoarthritis. The main problem with most scoring systems is the 
use of relative terminology which makes the results subjective and difficult to 
compare. To avoid this problem we tried to use reproducible criteria such as the 
Olerud and Molander score, although as > 50% of the patients scored the 
maximum number of points, one can question whether the Olerud and Molander 
score was sufficiently discriminating to evaluate this outcome in our study.  
We found that isolated posterior malleolar fractures may be under-
reported in the literature. Although concomitant ligamentous injury is frequently 
present, the true pathophysiological mechanism remains uncertain. However, 
conservative treatment of isolated posterior malleolar fractures seems justified.  
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Chapter 6 
Twenty-two-year follow up of 
pronation external rotation type III-
IV (OTA type C) ankle fractures: A 
retrospective cohort study 
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Abstract 
We performed a retrospective cohort study for long-term evaluation of 
protocolled treatment of pronation external rotation (PER) type III-IV (OTA type C) 
ankle fractures, in a level 1 trauma center. A consecutive series of 98 patients with 
PER III-IV ankle fractures between 1985 and 1990 was included. Stable fractures 
with tibiotalar congruity were treated conservatively, whereas osteosynthesis was 
performed in unstable and displaced fractures to restore tibiotalar congruity. Main 
Outcome Measurements: Outcome parameters were (1) functional outcome 
questionnaire (Olerud score), (2) physical evaluation (loaded dorsal range of 
motion), (3) functional impairment (AMA Guides, 5th ed.), and (4) radiographic 
evaluation (Cedell score, medial clear space widening, and osteoarthritis). After a 
median of 22 years, follow-up was achieved in 95% (n = 60) of living patients. Four 
patients had a true PER III injury, 5 patients had an unclear injury (between PER III 
and IV), and 51 patients (85%) sustained a PER IV injury. Excellent or good results 
were found in 90% of patients (Olerud score). Functional impairment, expressed as 
percentage of Whole Person Impairment, varied between 0% and 3%. Patients 
treated operatively and conservatively had statistically equivalent scores. We 
conclude that the long-term result of surgical treatment of PER ankle fractures is 
"good" or "excellent" in the majority of patients. 
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Introduction 
Ankle fractures can be classified in various ways. The classification system 
of Danis
1
 and Weber
2
 is easy and therefore frequently used. However, this system 
is limited by its reliance on the anatomic properties of the fibula fracture. The 
Lauge-Hansen
3
 classification system was developed after experimental cadaver 
studies. It offers more insight in the various trauma mechanisms and also attempts 
to take into account ligamentous injuries. The classification systems of Lauge-
Hansen and Danis and Weber have been combined in the OTA classification 
system
4,5
. 
The pronation external rotation (PER) injuries in the Lauge-Hansen 
classification are known as Weber-C or OTA type-C fractures and account for 
approximately 20% of all ankle fractures
6
. In PER type II injuries, a rupture of the 
deltoid ligament or avulsion fracture of the medial malleolus is combined with an 
anterior syndesmotic band rupture or bony avulsion, with or without a rupture of 
the interosseous membrane. A PER type III injury consists of a PER type II injury 
with a spiral fracture of the fibula shaft, proximal to the syndesmosis. PER type IV 
injuries are PER type III injuries with the addition of a rupture of the dorsal 
syndesmotic bands or bony equivalent (Figure 1).  
Before surgical techniques became common practice, ankle fractures were 
treated conservatively. Conservative treatment is cheaper and does not expose 
patients to surgical complications. Surgical treatment provides improved and rigid 
restoration of joint anatomy. Few studies have investigated outcome of different 
treatment modalities in PER type III–IV/Weber C ankle fractures
6–10
. As such, the 
long-term prognosis with existing therapeutic modalities is unknown.  
All malleolar fractures at our hospital are treated according to protocol. 
The present study shows the long-term results (median, 22 years) of this 
protocolled treatment in 98 PER type III–IV fractures in adults treated between 
January 1, 1985, and January 1, 1990.  
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Figure 1: The numbers indicate various stages of the PER injuries 
 
Patients and methods 
Patients 
A prospective trauma registry was instituted at Saint Elisabeth Hospital in 
Tilburg in January 1985. The registry contained baseline patient characteristics, a 
categorized diagnosis (using Weber, Lauge-Hansen, and the OTA classification 
systems), and the basic treatment data. The classification was performed by 
residents under the direct supervision of the attending orthopaedic trauma 
surgeon or by the surgeon himself. From this database, all patients who sustained a 
PER type III and IV ankle fracture in the period from January 1, 1985, through 
January 1, 1990, were extracted and classification was re-assessed. Exclusion 
criteria included patients who (1) received initial treatment at our Emergency 
Department, but further treatment was provided in another hospital, (2) were 
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referred to the Saint Elisabeth Hospital in Tilburg for secondary treatment of 
complications or after primary treatment elsewhere, (3) sustained ipsilateral crural, 
talar, calcaneal or Lisfranc fractures or dislocations, (4) died before definitive 
treatment was given, and/or (5) were skeletally immature at the moment of injury. 
Ninety-eight patients treated according to a treatment protocol in our 
hospital were included in this study
11
. According to the protocol, stable fractures 
(ie, fractures with joint congruity and no sign of a deltoid ligament rupture or 
medial malleolar fracture) were treated conservatively. Stability was determined by 
tibiotalar congruity. Tibiotalar incongruity was defined as nonalignment of the 
lateral talar dome with the tibiofibular intersection or medial clear space widening 
of ≥ 2mm on mortise view radiographs. After 1 week, a new radiograph without 
cast was obtained to trace instability and secondary displacement. Stress views 
were not done, as it was not part of our protocol in 1985–1990. 
Methods 
Long-term follow-up was performed at a minimum of 19 years after injury. 
The family doctor’s register was used if the trauma registry did not have current 
contact information. Patients were first contacted by phone. If patients could not 
be reached, an invitation letter was sent to their home address. The online health 
insurance declaration system was used to contact patients’ current family doctor if 
they failed to respond to phone calls or the letter. Google and the Dutch online 
phonebook were also used to trace patients and their family doctors. After 
informed consent, patients visited our outpatient department. Those patients 
unable to come to the outpatient department were simply mailed a questionnaire.  
All patients were evaluated using the Olerud scoring system
12
. The loaded 
dorsal range of motion (ROM) was measured using the technique described by 
Lindsjö
7
, in which a standing patient, with flexed knee and hip, has their feet put in 
a mold with a hinge and goniometer at the level of the tibiotalar joint. Supination 
and pronation were not measured, as these movements are mainly located in the 
subtalar ankle joint and the mid and forefoot
13
. Finally, sensory function in 
dermatomes of the superficial and deep peroneal nerves, the tibial nerve, and sural 
nerve was tested. Functional impairment was calculated as a percentage of Whole 
Person Impairment according to the AMA Guides (5th ed.)
14
. Patients’ history and 
physical evaluations were performed by the first author.  
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Radiologic features were assessed using the criteria of Cedell
15
. The Cedell 
classification for radiographic anatomic position describes the separate results of 
the lateral, medial, and posterior malleoli in terms of dislocation in millimeters. 
Medial clear space widening
16
 was evaluated by an independent radiologist, who 
was unaware of the clinical outcome parameters. Radiographs were blinded and 
analyzed in random order. Osteoarthritis was assessed by observation of narrowing 
of the joint space, osteophyte formation, and ligamentous calcifications. The 
various outcome parameters were classified as ‘excellent’, ‘good’, ‘moderate’, and 
‘poor’ (Table 1).  
TABLE 1      
Classification of the clinical results    
     
 excellent good moderate poor 
Olerud score (points)12 100-91 90-61 60-31 31-0 
Loss of loaded dorsal ROM (°) 0-3 4-10 11-20 >20 
Cedell score14  * anatomical/a/a ≥good/g/g ≥poor/./. <poor/./. 
Medial clear space wideningmm 0 ≤1 ≤2 >2 
Posttraumatic osteoarthritis † no signs osteophyte
s 
sclerosis/cysts 
/narrowing < ½ 
narrowing>½ 
*: anatomical/a/a means an anatomical result for medial, lateral and posterior malleolus; ≥good/g/g 
means at least a ‘good’ result for each malleolus, but not all anatomical according to the score of 
Cedell; ≥poor/./. indicates that one malleolus scores a ‘poor’ result according to Cedell whereas the 
other two score better. The classification ‘poor’ is given if more than one malleolus scores a ‘poor’ 
result according to Cedell.  
†: narrowing means joint space narrowing between tibia plafond and talar dome compared with the 
joint space between medial and lateral malleolus and talus.  
Statistical analysis was done with SPSS version 16.0 (SPSS, Inc, Chicago, IL). 
Nonparametric tests were used if a normal distribution could not be assumed. For 
qualitative data, a 2-tailed Fisher exact test (2 samples) or χ
2
 test (more than 2 
samples) were used. Quantitative data were analyzed with a Mann–Whitney U test 
(2 samples) or Kruskal–Wallis test (more than 2 samples), both with correction for 
ties. A significance level a = 0.05 was assumed. Correlations between Olerud scores 
and other parameters and between early (6 weeks after surgery) and late (22 years 
after surgery) Cedell scores were calculated and validated with the Spearman 
correlation test. 
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Results 
Patients and treatment data 
A total of 98 patients with PER type III–IV fractures were treated (Figure 2). 
One patient’s evaluation was incomplete and only a questionnaire was available. 
Only 4 patients had a true PER III injury, of which 2 received internal fixation. Three 
of the 5 patients with unclear injury (between PER III and IV) were treated 
operatively. Fifty-one patients (85%) had a PER IV injury and 46 of those patients 
(90%) underwent surgery (Table 2). Only 2 of 60 patients had open soft tissue 
injury. Nine patients were treated conservatively (2 PER type III, 2 PER type III–IV, 
and 5 PER type IV injuries) because their medial clear space widening was less than 
2 mm. The remaining 51 patients (85%) were treated operatively. Despite the 
protocol, 9 patients were treated operatively despite tibiotalar congruity (medial 
clear space widening ≤2 mm).  
Operative treatment consisted of open reduction of all lateral malleolar 
fractures. In the majority, a 1/3 tubular plate was used to fix the lateral malleolus. 
In a few cases, lag screws or a syndesmotic screw were used (n = 15). The medial 
malleolar fracture was fixed in 16 of 18 cases (using lag screws or 2 Kirschner-wires 
and a cerclage). Five of 27 posterior malleolar fractures were operatively reduced 
and fixed with lag screws. In these cases, the posterior fragment contained more 
than 25% of the tibial plafond surface (measured via preoperative lateral 
radiograph or intraoperative fluoroscopy) and displacement >3 mm. Fourty-seven 
ORIF patients (92%) were made non–weight bearing for 6 weeks postoperatively 
and 4 patients (8%) were placed in walking plaster. Sixteen patients had 1 local 
complication (27%). The complications of 3 patients (5%) resulted in additional 
surgery. One patient required a wound necrosectomy, and 2 patients had 
nonunions (1 medial malleolus and 1 fibula nonunion). The syndesmotic screw was 
removed in all 30 patients after a median interval of 43 days. Removal of the 
syndesmotic screw was delayed in 2 patients because of wound healing issues and 
delayed union. Removal of other implants was performed in case of specific 
complaints in 32 (63%) of 51 cases.  
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TABLE 2 
Baseline characteristics of 60 patients with PER ankle fractures 
Sex: 
 male                         47  
 female                         13  
Localisation: 
 right                         36   
 left                         24  
Age (years; median [range]):                    31 [16-63] 
Trauma: 
 traffic                         11  
 sports                         35  
 domestic                          7  
 work                          5  
 other                          2  
Lauge Hansen classification: 
 PER type III                          4 
 PER type III-IV                          5  
 PER type IV                         51 
  Medial lesion: medial malleolar fracture                        17  
   deltoid ligament rupture                        34  
  Anterior lesion:  anterior tibial tubercle fracture                1 
   anterior fibular tubercle fracture              1 
  Posterior lesion: posterior malleolar fracture                        27  
   posterior syndesmosis rupture                 24 
’Open’ fractures injury17: 
 type 0                          58 
 type 1                           1 
 type 2                           0 
             type 3                         1 
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Figure 2: Flowchart of patients at follow up 
Results at long-term follow up 
The median follow-up period was 21.6 years (range, 19.3–23.7 years). One patient 
was excluded in the analysis of the ROM because of a fracture of the contralateral 
leg at follow-up. The median Olerud score was 98 (range, 20–100). Fifty-five (90%) 
of 60 patients scored an excellent or good result. The loaded dorsal ROM was 
excellent or good in 51 (88%) of 58 patients. Four ORIF patients had a dull or 
tingling sensation at the dermatome of the superficial peroneal nerve.  
With regard to osteoarthritis, 46 (78%) of 59 patients had an excellent or 
good result. In 50 (85%) of 59 patients, the medial clear space widening was ≤ 1 
mm. According to the Cedell score, 49 (83%) of 59 patients had an excellent or 
good result (Figure 3). There was a correlation between the patient’s history 
(Olerud score) and clinical findings (loaded dorsal ROM, osteoarthritis, and Cedell 
score). Figures 4 and 5 show the correlation between early postoperative and late 
follow-up Cedell scores of 58 patients. The 3 patients who had a moderate score 6 
weeks after trauma, still had a moderate or poor score after 22 years. After 22 
years, 11 patients scored a moderate or poor result despite excellent or good 6-
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week scores. This correlation between short- and long-term results are statistically 
significant (Spearman test; rho = 0.48, P < 0.01).  
Eighteen patients had some bony bridging between fibula and tibia (9 
complete and 9 incomplete bridging). Of these, 16 were operatively treated and 10 
had a syndesmotic screw. Patients with and without bony bridging had equivalent 
scores (Olerud, P = 0.82; loaded dorsal ROM, P = 0.79; osteoarthritis, P = 0.57; 
medial clear space widening, P = 0.84; Cedell score, P = 0.52).  
 
Figure 3 Overview of the results of each parameter of the total cohort of 60 patients at follow-up. 
Excellent or good results were found in 90% (Olerud score), 88% (loaded dorsal ROM), 83% (Cedell 
score), 85% (medial clear space widening), and 78% (osteoarthritis) of patients. 
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Figure 4: correlations: Olerud score versus osteo-arthritis, Cedell score and loaded dorsal ROM 
 
Figure 5 Correlation between Cedell scores at 6 weeks and 22 years after trauma. Mederate early 
operative technique leads to moderate long-term outcome. Good or excellent early operative technique 
protects against moderate or poor long-term outcome. 
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The median Olerud score for conservatively treated patients was 100 
(range 70–100), whereas the median Olerud score for ORIF patients was 95 (range 
20–95). The functional impairment, expressed as percentage of Whole Person 
Impairment (AMA Guides, 5th ed.)
14
, varied between 0% for conservatively treated 
patients and 0%–3% for operatively treated patients (Figure 6, P = 0.02). There 
were no statistical differences regarding the 5 outcome parameters between 
conservatively and operatively treated patients (Figure 7). Although not statistically 
significant, Figure 7 shows a trend in favor of the conservatively treated patients. 
Outcomes did not change after intention-to-treat analysis or exclusion of the 9 
patients treated operatively despite failure to meet protocol guidelines for 
operative treatment. Also, no statistical differences were found when comparing 
PER type III and type III–IV (unclear injury) versus PER type IV injuries (Olerud score, 
P = 0.19; loaded dorsal ROM, P = 0.58; osteoarthritis, P = 0.67; medial clear space 
widening, P = 0.33; and Cedell score, P = 0.19). The type of medial injury (deltoid 
ligament rupture or medial malleolar fracture) and posterior injury (posterior 
syndesmotic rupture or posterior malleolar fracture) in patients with a PER type IV 
injury had no significant impact in any of the outcome variables (Table 3). A 
subgroup analysis of fibular fixation [syndesmosis screw alone (n = 15) versus 
syndesmosis screw with additional fixation (n = 36)] yielded no differences in 
outcome or duration of treatment (Olerud score, P = 0.96; loaded dorsal ROM, P = 
0.09; osteoarthritis, P = 0.47; medial clear space widening, P = 0.42; Cedell, P = 
0.71; and treatment duration outpatient department, P = 0.10).  
TABLE 3  
Percentage of patients with ‘good’ or ‘excellent’ outcome in PER type IV injuries 
 Olerud ROM           OA              MC             Cedell 
Deltoid ligament rupture (n=34) 88 93               63              69                69 
Medial malleolar fracture (n=17) 88 82               82              88                82 
p-value  1.00 0.41            0.16           0.12             0.30 
Posterior synd. rupture (n= 24)                                     92                      87               75                83               83 
Posterior fracture (n=27)                                                85                      85               76                81               73 
p-value                                                                              0.67                 1.00             1.00            1.00             0.50 
 
synd. = syndesmotic, ROM = range of motion, OA = osteoarthritis, MCS = medial clear space 
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Discussion 
This study achieved a 95% follow-up (of living patients) after 22 years to 
show good results for a treatment protocol for PER ankle fractures based on medial 
joint space widening (tibiotalar incongruence) in PER type III, III–IV, and IV ankle 
fractures. An excellent or good result was achieved in 78%–90% of participants as 
measured by 5 different outcome parameters. Literature about PER type III–IV 
ankle fractures (or type C fractures) is limited. A recent systematic review by 
Stufkens et al
18
 identified 3 eligible studies
8,19,20
 for meta-analysis of long-term 
outcome in type C fractures. Seventy percent of the 250 patients included had a 
good to excellent result. The studies included in the meta-analysis consisted of 39 
cases with 4-years of follow-up
19
, 39 cases with 6.5 years of follow up
20
, and 172 
cases with 2–12 years of follow up.
8
 Unfortunately, these follow-up durations are 
too short to detect end-stage osteoarthritis. Horisberger et al
21
 showed that the 
latency time between injury and end-stage ankle osteoarthritis can be as much as 
20 years.  
118 
 
 
FIGURE 7 Patients with excellent or good results; conservative treatment compared with operative 
treatment 
 
Our operatively treated patients perform statistically equivalent to 
conservatively treated patients. However, we observed a trend for all outcome 
variables in favor of conservative treatment. Wei et al
22
 showed that the long-term 
results of displaced ankle fractures are generally good as long the reduction can be 
maintained. Apart from 9 operatively treated patients without tibiotalar 
incongruity (in contradiction to the treatment protocol), the majority (42 of 51) of 
the operative group had tibiotalar incongruity. All conservatively treated patients 
did not have tibiotalar incongruity and were treated according to protocol. 
Preoperative reduction did not occur before surgery.  
Surgery by means of osteosynthesis must be justified because it causes 
additional soft tissue damage and increases complication risks. In general, surgery 
is appropriate for patients with ankle joint incongruence sufficient to require 
restoration. In patients suffering from type-C ankle fractures with tibiotalar 
incongruity (ie, PER type IV injury), nonoperative treatment results in poor 
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outcomes
9
. Soft tissue and cartilage damage due to the injury itself is assumed to 
be an independent predictor for the development of posttraumatic osteoarthritis
23
. 
Our study results suggest that operative treatment of inherently unstable type-C 
fractures can prevent the natural course of osteoarthritis to a certain degree.  
Different type of injuries at the medial pillar (deltoid ligament rupture vs. 
medial malleolar fracture) and posterior pillar (posterior syndesmosis rupture vs. 
posterior malleolar fracture) did not affect outcome in PER type IV injuries. This is 
in accordance with our findings in a recent long-term follow up study about 
supination external rotation ankle fractures (chapter 7 of this thesis)
24
. We found 
no difference in outcome (especially not regarding the loaded dorsal ROM and 
osteoarthritis) between patients with and without distal tibiofibular synostosis. 
Based on the fact that the ankle mortise widens about 1 mm in maximal dorsal 
flexion
25
, we initially expected the contrary, but our findings are supported by 
Albers et al
26
. 
The correlation between early and long-term postoperative Cedell scores 
suggests that long-term outcome may be the result the quality of operative 
techniques. We found this correlation remarkable, as our recent long-term follow-
up study of supination external rotation ankle injuries found no such correlation 
(chapter 7 of this thesis)
24
. Unlike osteoarthritis of the knee and hip, it is unlikely 
age is a main confounder for posttraumatic ankle osteoarthritis
27
. However, no 
radiograph of the contralateral ankle was made at follow-up to confirm this. 
Another peculiar finding was the correlation between the patient’s 
complaints and the ROM or radiographic features after 22 years. Although this 
correlation has been reported previously
28,29
, we did not find a correlation between 
long-term subjective and objective outcomes in our previous study (chapter 7 of 
this thesis). We have no adequate explanation for this correlation, other than that 
our current study might have too few participants (n = 60), leading to false 
correlations (type I error). However, considering the significance levels (P , 0.01), 
this explanation is unlikely.  
The limitations of this study include the lack of short-term subjective (eg, 
Olerud) or functional (eg, loaded dorsal ROM) outcome. The main problem with 
most scoring systems is the use of relative criteria like ‘mild pain’, ‘slight rotation’, 
and ‘moderate displacement’ that can make the results subjective and difficult to 
compare. To avoid this problem, we tried to use concrete and reproducible criteria. 
Although more than 2 mm medial clear space widening is a small threshold to 
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advocate operative treatment nowadays, this was state of the art when these 
patients were treated
10,30
. Although the PER type III, III–IV, and IV injuries in our 
study performed similar on the long term regarding all outcome parameters, the 
sample size of PER type III and III–IV injuries (n = 9) might be too small to detect 
statistical significant differences (type II error). Despite the retrospective design of 
our study, it has several strengths. The sample size is relatively large, and the 
number of patients lost to follow-up and the number of missing data is low. The 
extensive long-term follow-up period makes this a unique cohort of patients. 
We conclude that this study supports the present view that PER type III–IV 
injuries with tibiotalar incongruity should be treated operatively. A relatively small 
minority of the patients with PER injuries had moderate or poor outcomes in the 
long term. However, this study was unable to identify prognostic factors. Future 
(ideally large) prospective studies
31–33
 about PER (OTA type C) ankle injuries should 
perform sensitivity analysis on various different surgical treatments and patient 
comorbidity. 
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Abstract 
To evaluate long-term results after protocoled treatment of supination-
external rotation (SER) type II-IV ankle injuries we performed a retrospective cohort 
study in a level I trauma center. Two hundred seventy-six adult patients with an 
SER type II-IV ankle fracture between January 1, 1985, and January 1, 1990, were 
evaluated. All patients were approached to participate in this study. Fractures with 
tibiotalar congruity were treated nonoperative and unstable fractures with joint 
incongruity were treated operatively. Mean Outcome Measurements: 1) a 
functional outcome questionnaire (Olerud score); 2) range of motion; 3) functional 
impairment (American Medical Association guidelines); and 4) radiologic anatomic 
result (medial clear space widening; osteoarthritis; Cedell score). After a median of 
21 years in 54% (n = 148) of patients, follow-up was achieved. Seventy-six patients 
(51%) had a SER type II injury, four patients (3%) a SER type III injury, and 68 (46%) 
had sustained a SER type IV. Excellent or good results were found in 92% (Olerud 
score), 97% (loaded dorsal range of motion), 92% (medial clear space widening), 
97% (osteoarthritis), and 76% (Cedell score) of patients. Functional impairment 
expressed as percentage of whole person impairment varied between 0% and 16%. 
The various fracture types performed statistically equal on all outcome parameters. 
There was no difference between operative and nonoperative treatment. There 
was no correlation between the Olerud score and other parameters. We conclude 
that the very long-term overall results of the stratified surgical treatment of SER 
type II-IV ankle fractures is "excellent" or "good" in the majority of patients and 
therefore seems justified. Although additional soft tissue damage is unavoidable in 
case of operative treatment, it does not negatively affect outcome in the long term. 
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Introduction 
Ankle fractures can be classified in various ways. The classification system 
according to Lauge-Hansen
1
 has been developed after experimental cadaver 
studies. It offers insight into the various trauma mechanisms and also takes 
ligamentous injuries into account. The classification systems of Lauge-Hansen and 
Danis and Weber have been combined in the Orthopaedic Trauma Association 
(OTA)/AO classification system)
2,3
 The supination–external rotation (SER) injuries in 
the Lauge-Hansen classification are known as Weber B or OTA Type B fractures and 
account for approximately 50% of all ankle fractures
4
. In SER type II fractures, a 
rupture of the anterior syndesmotic ligament or avulsion fracture of the lateral 
malleolus is combined with a spiral fracture of the fibula starting ventrally at the 
level of the joint space. A SER type III fracture consists of a SER type II injury with 
additional rupture of the posterior syndesmotic ligament or posterior malleolar 
fracture of the tibia. SER type IV injuries are SER type III injuries supplemented with 
a fracture of the medial malleolus or deltoid ligament rupture.  
Ankle fractures have been treated nonsurgically for decades. Because 
operative techniques became gradually available in the past decennia, the surgeon 
was able achieve a much better and rigid restoration of joint anatomy allowing 
functional aftertreatment. On the other hand, nonoperative treatment is less 
expensive and patients are not exposed to surgical complications. Subject to 
different trends in the past, SER type II–III fractures have been treated successfully 
both operatively and nonoperatively. Nonoperative treatment can yield good 
results in SER type II–III injuries without dislocation
5–10
. Surgical treatment could 
lead to improved outcome for dislocated fractures, SER Type IV injuries, and 
fractures in the elderly
11–18
. However, the long-term prognosis of both therapeutic 
modalities is hardly known. Short-term follow-up studies might overestimate the 
outcome, because not all patients developed osteoarthritis yet as a result of the 
latency time to end-stage osteoarthritis. Since the early 1980s, all patients with a 
malleolar fracture in our hospital have been treated according to a treatment 
protocol based on the available literature at that time. The present study shows the 
long-term results of this protocolled treatment in 148 SER type II–IV fractures in 
adults between January 1, 1985, and January 1, 1990. 
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Patients and methods 
Patients 
From January 1, 1985, a prospective registry of all traumatized patients, treated at 
the St Elisabeth Hospital in Tilburg, was started. The registry contained baseline 
patient characteristics, a categorized diagnosis using Weber, Lauge-Hansen as well 
as the OTA classification system and the basic treatment data. All patients with a 
SER type II–IV ankle fracture in the period from January 1, 1985, through January 1, 
1990, were extracted were included. Excluded for evaluation were all patients who 
1) received only initial treatment at the first aid department, after which further or 
definite treatment was given in another hospital; 2) were referred to the St 
Elisabeth Hospital for secondary treatment of complications or after primary 
treatment elsewhere; 3) sustained ipsilateral crural, talar, calcaneal, or Lisfranc 
fractures or dislocations; 4) died before definitive treatment was given; and 5) 
were skeletally immature at the moment of injury. This yielded 276 patients. All 
patients were approached for evaluation. The study was approved by our local 
ethics committee.  
The patients in this study have been treated according to a treatment 
protocol in our hospital
19
. Only stable fractures (ie, with joint congruity and without 
signs of a deltoid ligament rupture [swelling, hematoma, or tenderness] or medial 
malleolar fracture) were treated nonoperatively. Stress radiographs were not 
performed on those days. Tibiotalar incongruity was defined as a nonalignment of 
the lateral talar dome with the tibiofibular intersection or as a medial clear space 
widening of 2 mm or more (compared with the superior clear space) on the 
radiologic mortise view. In all fractures that were considered stable initially, a new 
radiograph without a cast was performed after 1 week to trace instability, resulting 
in secondary displacement.  
Figure 1 shows a flow chart of patients at follow-up. A total number of 148 
patients were evaluated at follow-up. This was 54% of the total cohort and 89% of 
all living patients available. In 12 patients (4%), evaluation was incomplete (eg, only 
a questionnaire or radiograph was available). Table 1 presents the baseline 
characteristics at the time of trauma 148 patients evaluated. 
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Nonoperative treatment with plaster immobilization was performed in 62 
(42%) patients. Within this group, 55 patients had a medial clear space widening of 
2 mm or less and seven patients had a medial clear space widening of 3 mm or 
more after closed reduction. These seven patients were treated nonoperatively in 
contradiction to the protocol because of general contraindications for surgery 
(cardiopulmonary). Seventeen patients were treated with an Adidas Adimed stabil 
shoe (Herzogenaurach, Germany) during 5 weeks. The latter functioned as a part of 
a randomized trial on functional treatment of SER type II–III fractures
20
. All other 
patients were immobilized in a dorsal splint during the first week and subsequently 
with a below-knee walking plaster for 5 weeks or were allowed to walk with a tape 
bandage during 3 weeks.  
Operative treatment was performed in 86 cases (58%). Sixty-one fractures 
showed a preoperative medial clear space widening of 3 mm or more. Twenty-five 
patients with 2 mm or less dislocation were treated operatively in contradiction 
with the treatment protocol for unknown reasons.  
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TABLE 2 
Baseline characteristics of 148 patients with ankle fractures 
 
Sex:    
     Male   68 (45%) 
     Female   80 (55%) 
Localisation:    
     Left   73 (49%) 
     Right   75 (51%) 
Age (years; median [range]):  31 [14-72] 
Pre-existing disease:    
     Rheumathoid   1 
     Neurologic   1 
Trauma:    
     Traffic   33 (23%) 
     Sports   70 (47%) 
     Domestic   24 (16%) 
     Work   5 (3%) 
     Other   16 (11%) 
Lauge Hansen classification:   
     SER type II   76 (51%) 
     SER type III   4 (3%) 
     SER type IV   68 (46%) 
          Medial lesion: medial malleolar fracture 28 
 deltoid ligament rupture 35 
 unknown  5 
          Posterior lesion: posterior malleolar fracture 34 
 posterior syndesmosis rupture 34 
          Anterior lesion: anterior tibial tubercle fracture 3 
 anterior fibular tubercle fracture 3 
Tibialis posterior tendon rupture:  1 
Metatarsal fracture:   1 
Soft tissue injury
36
:    
     grade 0   144 (97%) 
     grade 1   3 
     grade 2   1 
 
Operative treatment consisted of open reduction of all fractures. The 
lateral malleoli were fixed with two small fragment lag screws in 59 (69%) or a one 
third tubular plate in 22 cases (26%). The medial malleolar fractures were fixed in 
18 of 28 cases (64%) with two Kirschner wires and a cerclage (15 cases) or by two 
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small-fragment lag screws (three cases). Six of 34 (18%) posterior malleolar 
fractures were operatively reduced fixed with a lag screw. In these six cases, the 
posterior fragment contained more than 25% of the tibial plafond surface as 
measured on a preoperative lateral radiograph or during intraoperative 
fluoroscopy and displacement was more than 3 mm. A syndesmotic screw was 
placed in seven patients. 
Sixty-eight operated patients (79%) were given functional 
nonweightbearing aftertreatment for 5 weeks. The remaining 18 patients (21%) 
were given a walking plaster cast. Physiotherapy was given in 24 of 67 patients 
(36%) with functional aftertreatment and eight of 19 patients (42%) with a below-
knee walking cast. Sixteen patients had one local complication (11%) resulting in 
one or more (re-)operations in four patients (3%). The syndesmotic screw was 
routinely removed in six of seven patients after a median period of 47 days. 
Removal of other implants was performed in case of specific complaints in 35 of 86 
cases (41%). 
 
Patients 
Long-term follow-up was performed at a minimum of 17 years after 
trauma. If the prospective registry missed an updated telephone number and 
address, but did contain the name of the family doctor, the family doctor’s register 
was used to contact the patient. If patients could not be reached by phone, an 
invitation letter was sent to their home address. In addition, Google, an online 
health insurance declaration system, and the Dutch online phonebook were also 
used. After informed consent, the patients visited the outpatient department. 
Those not able to come to the outpatient department were sent a questionnaire 
only.  
All patients were evaluated using a scoring system as proposed by 
Olerud
21
. The loaded dorsal range of motion (ROM) of the upper ankle was 
measured according to Lindsjö
14
: both feet of the upright standing patient with the 
knee and hip flexed were put in a mold with a hinge and goniometer at the level of 
the tibiotalar joint. Supination and pronation were not measured because these 
movements are mainly located in the subtalar ankle and the middle and the 
forefoot
22
. Finally, sensory function in dermatomes of the superficial and deep 
peroneal nerves and the tibial and sural nerves was tested. Functional impairment 
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was calculated and expressed as percentage Whole person impairment according 
to the AMA-Guides (5th edition)
23
. History and physical evaluation were performed 
by the first author. 
Radiologic features were assessed using the criteria of Cedell
24
 and the 
medial clear space widening compared with the superior clear space
25
 by an 
independent radiologist, who was unaware of the clinical outcome parameters. 
Radiographs were blinded and analyzed in a random order. The Cedell classification 
for radiographic anatomic position describes the separate results of the lateral, 
medial, and posterior malleoli in terms of dislocation in millimeters. Osteoarthritis 
was assessed by observation of narrowing of the joint space, osteophyte formation, 
and ligamentous calcifications. The various outcome parameters were classified as 
‘excellent’, ‘good’, ‘moderate’, and ‘poor’ (Table 2).  
TABLE 1      
Classification of the clinical results    
     
 excellent good moderate poor 
Olerud score (points)20 100-91 90-61 60-31 31-0 
Loss of loaded dorsal ROM (°) 0-3 4-10 11-20 >20 
Cedell score23  * anatomical/a/a ≥good/g/g ≥poor/./. <poor/./. 
Medial clear space wideningmm 0 ≤1 ≤2 >2 
Posttraumatic osteoarthritis † no signs osteophyte
s 
sclerosis/cysts 
/narrowing < ½ 
narrowing>½ 
*: anatomical/a/a means an anatomical result for medial, lateral and posterior malleolus; ≥good/g/g 
means at least a ‘good’ result for each malleolus, but not all anatomical according to the score of 
Cedell; ≥poor/./. indicates that one malleolus scores a ‘poor’ result according to Cedell whereas the 
other two score better. The classification ‘poor’ is given if more than one malleolus scores a ‘poor’ 
result according to Cedell.  
†: narrowing means joint space narrowing between tibia plafond and talar dome compared with the 
joint space between medial and lateral malleolus and talus.  
Statistical analysis was done with SPSS, Version 16.0 (SPSS Inc, Chicago, IL). 
If a normal distribution could not be assumed, nonparametric tests were used. For 
qualitative data, a two-tailed Fisher exact test (two samples) or chi-squared test 
(more than two samples) were used. Quantitative data were analyzed with a 
Mann-Whitney U test (two samples) or Kruskal-Wallis test (more than two 
samples), both with correction for ties. A significance level a = 0.05 was assumed. 
Correlations between Olerud scores and other parameters and between early (6 
weeks after surgery) and late (21 years after surgery) Cedell scores were calculated 
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and validated with the Spearman correlation test. There was no external funding 
source for this study. 
 
Results 
 The median follow-up period was 21.1 years (range, 17.3–23.7 years). The 
median Olerud score was 95 (range, 5–100). One hundred thirty-five of 146 
patients (93%) scored a "good" result. The loaded dorsal ROM was "excellent" or 
"good" in 97%. Seventeen patients (19%) of which 15 had been operated on had a 
dull or tingling sensation in one or more dermatomes:  11 times in the area of the 
superficial peroneal nerve, six times in the distribution area of the deep peroneal 
nerve, and eight times in the area of the sural nerve.  
With regard to radiologic osteoarthritis, 79% had an "excellent" or "good" 
result. In 92%, the medial clear space widening was 1 mm or less. According to the 
anatomic score of Cedell, 76% had an "excellent" or "good" result. The results are 
shown in Figure 2. There was no correlation (Spearman test) between the Olerud 
score and other parameters. For patients with a SER Type II injury, the median 
Olerud score was 100 (range, 35–100). For the other parameters, a "good" or 
"excellent" result was scored in 74% to 96%. Functional impairment expressed as 
percentage of whole person impairment varied between 0% and 1%. The 23 
operatively treated patients with a SER type II injury performed equally well as the 
53 nonoperatively treated patients on all outcome parameters.  
 
FIGURE 2 Overview of the results of each parameter of the cohort at follow-up (supination-external 
rotation type II, III, and IV injuries together) 
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Patients with a SER type III injury (n = 4) had a median Olerud score of 100 
(range, 85–100). All patients had a "good" or "excellent" result with respect to 
loaded dorsal ROM, and functional impairment expressed as percentage of whole 
person impairment varied between 0% and 6%. A "good" or "excellent" radiologic 
result was found in three of four patients with regard to osteoarthritis or medial 
clear space widening and 50% for the Cedell score.  
For patients with a SER type IV injury, the median Olerud score was 95 
(range, 5–100). For the other parameters, a "good" or "excellent" result was scored 
in 59% to 97%. Figure 3 shows the radiographic result of a patient with excellent 
outcome on all parameters. Functional performance expressed as percentage of 
whole person impairment varied between 0% and 16%. Five patients who 
sustained a SER type IV injury treated surgically developed severe posttraumatic 
osteoarthritis of the upper ankle necessitating an arthrodesis. Their Olerud scores 
were 5, 20, 35, 45, and 45 points. Figure 4 shows a radiograph of a patient with a 
poor radiographic result. The seven operatively treated Type IV injuries perform 
equal as the 61 nonoperatively treated patients, except for ROM (P = 0.025). The 
type of medial injury and posterior injury was not documented in all patients with a 
SER type IV injury. Table 3 shows the results comparing the different posterior and 
medial injuries.  
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TABLE 3       
Percentage of patients with ‘good’ or ‘excellent’ outcome in SER type IV injuries 
 
 Olerud ROM OA MCS Cedell 
Deltoid ligament rupture (n=35) 94 85 82 100 82 
Medial malleolar fracture (n=28) 75 92 88 92 76 
p-value  0.07 0.69 0.72 0.21 0.75 
       
Posterior syndesmotic rupture (n=34) 91 78 78 97 75 
Posterior malleolar fracture (n=34) 82 100 87 97 84 
p-value  0.48 0.01 0.51 1.00 0.54 
 
ROM = range of motion 
OA = osteoarthritis 
MCS = medial clear space 
     
 
 
Statistical analysis showed no differences in outcome among the three 
fracture types if treated according to the treatment protocol. Figure 5 
demonstrates the patients with a "good" or "excellent" result and a comparison 
was made among the SER type II, III, and IV injuries. If the stable injuries (SER type II 
and III) are combined into one group and subsequently compared with all SER type 
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IV injuries, the latter perform statistically worse on all outcome measures except 
ROM (results not shown). Function loss in the long-term expressed as percentage 
of whole person impairment varied significantly between the different fracture 
types (Figure 6; P < 0.001). Table 4 shows that in 23% of patients, a "good" or 
‘‘excellent’’ radiologic outcome after 6 weeks evolves into a ‘‘moderate’’ or "poor" 
situation 21 years after trauma. However, a statistical correlation between the 
Cedell scores 6 weeks and 21 years after trauma could not be found (Spearman 
test, rho –0.19, P = 0.83). 
 
Figure 5 Comparison of whole person impairment score of patients with supination-external rotation 
type II, III, and IV injuries. 
 
 
TABLE 4    
Cedell score of 136 patients with any SER type ankle fractures at 6 weeks and 21 years. 
    
  Results at 6 weeks 
  ‘good’ or ‘excellent’ ‘moderate’ or ‘poor’ 
  132 4 
Results at 
 21 years 
‘good’ or ‘excellent’ 101 3 
‘moderate’ or ‘poor’ 31 1 
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Discussion 
 This study with an 89% follow-up of living available patients after 21 years 
shows good results of a treatment protocol for SER ankle fractures based on medial 
joint space widening in SER type II–III and IV ankle fractures. An "excellent" or 
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"good" result was achieved in 76% to 97% of the participants as measured by five 
different outcome parameters. Long-term outcome of SER type II, III, and IV injuries 
treated operatively and nonoperatively was the same. Comparing SER type II, III, 
and IV cohorts showed no statistical differences in outcome.  
Nonoperative treatment in SER type II injuries achieves an "excellent" or 
"good" result in 74% to 97%. In SER type III, these percentages vary between 50% 
to 100%, but the number of patients is very low. Until now the best justification for 
nonoperative treatment of SER type II or III injuries was given by the studies of 
Bauer
7
 with a long-term follow-up of 29 years (range, 25–34 years; 49 cases) and 
Kristensen
6
 with a study of 21 years follow-up (range, 16–25 years; 94 cases). Both 
described a good functional radiologic outcome in nonoperatively treated SER type 
II–III fractures with less than 3 mm displacement of the fibula and tibiotalar 
congruity. Our results confirm these conclusions: not only are the nonoperatively 
treated patients doing well in the long-term, but the group that despite the 
protocol has been operated on does not perform significantly better.  
Surgery by means of osteosynthesis must be justified because it induces 
additional soft tissue damage and exerts certain risks for complications. In general, 
justification for surgery is found in patients with incongruent ankles, which need to 
be restored. In patients with a type B ankle fracture with tibiotalar incongruity (ie, 
SER type IV injury), nonoperative treatment has proven to result in poor 
outcome
15,18
. Clements et al
26
 showed that an increased medial clear space 
widening at the time of injury is associated with a worsefunctional outcome after 
nonoperative treatment. In their study, all patients were treated nonoperatively, 
even if the medial clear space was more than 7 mm. Soft tissue and cartilage 
damage resulting from the injury itself is assumed to be an independent predictor 
for the development of posttraumatic osteoarthritis
27
. Our study results suggest 
that operative treatment of inherently unstable type B fractures can prevent the 
natural course of osteoarthritis to a certain degree. Although in our study SER type 
II versus III versus IV injuries performed similar on the long-term regarding all 
outcome parameters, the sample size of SER type III injuries (n = 4) might be too 
small to detect statistically significant differences (type II error).  
Tejwani
28
 and Stufkens
29
 found a difference in outcome between SER Type 
IV injuries with a deltoid ligament rupture and those with a medial malleolar 
fracture after 1 and 13 years in favor of patients with a deltoid ligament rupture. 
We could not confirm this difference after 21 years. A difference in the number of 
patients with a "good" or ‘‘excellent’’ outcome between SER type IV injuries with a 
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posterior syndesmotic rupture compared with those with a posterior malleolus 
fracture could only be found for the loaded dorsal ROM. We speculate that a 
rupture of the ligament results in fibrosis at the dorsal side of the joint and thus 
limits dorsal extension. In a fracture of the posterior malleolus, the ligament 
remains intact.  
No correlation between early and long-term postoperative Cedell scores 
could be proven. This suggests that a poor long-term outcome is not necessarily the 
result of poor operative techniques or vice versa. However, no radiograph of the 
contralateral ankle was made at follow-up to assess the degree of osteoarthritis. 
Unlike osteoarthritis in the knee and hip, it is unlikely age is a main confounder for 
posttraumatic osteoarthritis
30
. There was also no correlation between the patient’s 
complaints and the ROM or radiographic features after 21 years.  
Despite the retrospective design without a control group in our study, it 
has several strengths. In comparison to other studies with a follow-up duration of 
more than 10 years, our sample size is larger. Moreover, the number of patients 
that has been lost to follow-up and the number of missing data are low. 
Unfortunately, the short-term subjective (eg, Olerud) or functional (eg, loaded 
dorsal ROM) outcome of this patient cohort has not been documented structurally. 
Although the question regarding the long-term prognosis of an almost complaint-
free patient in the short-term cannot precisely be answered from our results, our 
study provides baseline data to estimate functional impairment according to the 
American Medical Association guidelines. Besides clinical signs such as medial 
swelling and tenderness, we only used conventional mortise and lateral 
radiographs to diagnose medial injury. Although useful in common practise 
nowadays
31
, no stress radiographs were made in this study to diagnose tibiotalar 
incongruity. This might have led to underreporting of SER type IV injuries. 
Prospective evidence about surgical versus nonoperative treatment in 
ankle fractures is limited. Two prospective randomized studies
17,18
 and three still 
recruiting trials registered at clinicaltrials.gov
32,33
 and controlled-trials.com
34
 are 
promising. However, the follow-up durations of these prospective studies are too 
short to detect end-stage osteoarthritis. Horisberger et al
35
 showed that the 
latency time between injury and end-stage ankle osteoarthritis can be as much as 
20 years. If these prospective studies manage to evaluate their patients again after 
such a follow-up period, a systematic review with meta-analysis will be possible. 
For the time being, our study suggests that satisfactory results in the long-term can 
be achieved with a stratified treatment protocol that is based on the radiographic 
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presence of tibiotalar congruity reflecting intrinsic joint stability in SER ankle 
fractures.  
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rotation ankle fractures is not seen 
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Abstract 
A clear medial space widening of more than 2 mm on the mortise 
radiograph is considered to represent an ‘unstable’ fracture displacement that 
requires surgical reduction and internal fixation. Experimental studies revealed that 
a lateral talar dislocation of only 1 mm reduces the contact area between talus and 
tibia in such a way that the strongly increased peak loads will damage the carilage, 
which might finally result in symptomatic osteoarthritis. It is assumed that tibio-
talar joint congruity is almost solely determined by the deltoid ligament. Currently, 
justification to operate a supination external rotation (SER) ankle fracture almost 
solely depends on medial clear space widening seen at the plain mortise 
radiograph. This study aims to investigate the effect of talar rotation on medial 
clear space widening, fibular dislocation and  tibio-talar incongruity between talus 
and tibia in SER ankle fractures in six cadaver legs. SER injuries were stepwise 
inflicted. At each stage a standard force was applied in plantar flexion, dorsal 
flexion, internal rotation, external rotation and combined dorsiflexion and external 
rotation. The various positions in all different SER stages was documented with CT 
and radiographs. Radiographs with a medial clear space widening of two mm or 
more had a significantly severe talar rotation (7.53° versus 23.68°, p < 0.001, 
student t-test). A medial clear space widening of two mm or more was only 
observed 19 times. A mean talar rotation of almost 8° (SD 13.52°) in 161 
radiographs was not expressed as a medial clear space widening of two mm or 
more on radiographs. Among these 161 radiographs were 50 SER type IV injuries. 
Talar rotation was correlated with dorsolateral fibular displacement. We conclude 
external rotation alone can result in apparently normal clear medial space widening 
on conventional two-dimensional mortise radiographs, but is easily detected with 
CT. This study provided evidence that the rationale for diagnostic and therapeutic 
protocols might change in that way that no longer operative, but conservative 
treatment must be justified by the absence of external rotation seen on the CT-
scan. 
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Introduction 
Joint stability is a result of bony joint configuration and ligamentous 
support. The energy creating a fracture can compromise both joint configuration 
and ligamentous stability. In theory, more energy leads to more damage, which 
results in more instability. With experimental studies, Lauge Hansen classified 
malleolar fractures according to their injury pattern
1
. The Lauge Hansen 
classification has been matter of debate in the past. Some authors claim a poor 
correlation between trauma mechanism, radiological injuries and findings on MRI
2-
3
. However, most injuries are external rotational injuries, with over more than 50% 
of supination external rotation (SER) injuries of all ankle fractures
4
.  
According to Lauge Hansen, a rupture of the anterior syndesmotic 
ligament in the ankle is classified as a SER type I injury. In SER type II fractures a 
rupture of the anterior syndesmotic ligament or avulsion fracture of the lateral 
malleolus is combined with a spiral fracture of the fibula starting ventrally at the 
level of the joint space. A SER type III fracture consists of an SER-type II injury 
added with a rupture of the posterior syndesmotic ligament or a malleolus tertius 
fragment. SER-type IV injuries are SER type III injuries with a fracture of the medial 
malleolus or a deltoid ligament rupture. The deltoid ligament consists of a 
superficial, long part and a deep, short part. 
In common clinical practice history taking and physical examination are 
the first diagnostic steps. After application of the Ottowa Ankle rules
5
, the next 
diagnostic step in patients suspected for a malleolar fracture, are plain radiographs 
consisting of anteroposterior, lateral and mortise views. Subsequently ligamentous 
injury and fracture pattern are traced back from the fracture line and fragment 
dislocation in addition to the physical evaluation. Determination of fracture lines 
and fragment dislocation on plain radiographs together with physical examination 
findings might be helpful in predicting the precise trauma mechanism of ankle 
fractures.  
However, classifying ankle fractures and judging fracture (in)stability can 
be a puzzle
6-7
. Profound knowledge of the functional anatomy is required
8-9
. It is 
assumed that ankle fractures which are accompanied with a clear medial space 
widening of more than two mm on the mortise views are considered ‘unstable’ and 
require surgical reduction and fixation
10-13
. However, such a cut off point is a 
simplification of reality and suitable for practical purposes only. A lateral talar 
dislocation of only one mm results in an average reduction of 42% of the contact 
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area between talus and tibia
14
, which results in severe peak loads. It is assumed 
that such peak forces lead to secondary loss of cartilage, which in turn increases 
the risk of posttraumatic arthritis. A final drawback of plain radiographs is that they 
only provide static information on the congruency of the joint at a single moment, 
whereas joint stability is a dynamic process. 
The exact role of the (deep and superficial fibers of the) deltoid ligament 
remains unclear. It could function as a ‘hinge’ which allows external talar rotation, 
but prevents lateral translation of the talus. If however, lateral talar translation 
(tibio-talar incongruity) occurs even with an intact deltoid ligament, and this 
couldn’t be restored with neutralization of the talar external rotation (with a 
plaster cast), the classification and treatment of SER injuries should be redefined. 
For as assumed nowadays, tibio-talar incongruity must be the result of loss of 
integrity of the (deep fibers of the) deltoid ligament or a medial malleolar fracture. 
It is assumed that tibio-talar joint congruity is almost solely determined by 
the deltoid ligament, which attaches the talus to the medial malleolus
15-18
. In the 
past, research on cadavers has shown that the distal part of the fibula
19
 and talus
20-
21
 do not displace laterally, but rotate externally in SER type IV injuries. Thus lateral 
displacement of the talus as seen on mortise views follows external rotation and 
not the other way round. However, external talar rotation without lateral talar 
translation may not result in a clear medial space widening on mortise views due to 
overprojection. Park et al
18 
proved a clear medial space of five mm or more - with 
radiographs taken in dorsiflexion and external rotation after destabilizing ankles 
according to the supination external rotation mechanism of Lauge Hansen - was 
the most reliable predictor of deep deltoid ligament rupture. All other stress 
conditions and increases in clear medial space widening of two or three mm were 
less predictive. The integrity of the deltoid ligament is important since we know 
that the short and long-term results of operative treatment for SER type IV injuries 
are superior to the conservative treatment
22
, whereas it is assumed that SER type 
II-III fractures can be treated non-operatively
23-25
. In this cadaver-experiment we 
investigated the effect of talar rotation on medial clear space widening, fibular 
dislocation and tibio-talar incongruity in SER ankle fractures. 
 
 
 
149 
 
Methods 
After two pilot studies, six fresh frozen ‘through knee’ transected legs 
(four right) from different individuals without macroscopic or radiological proof of 
previous surgical treatment or signs of intra-articular defects or degerative 
changes, were used. Each cadaver was rigidly fixed (with an intramedular rod with 
PMMA, a perpendicular Steinmann pin, two screws in the calcaneus and several 
velcro bands) in an experimental installation developed by the Orthopedic 
Research Laboratory. The installation was placed in a multi detector computed 
tomography (MDCT) scanner. The experimental installation was designed with as 
few metal components as possible to avoid scattering, was easily calibrated, had 
unlimited degrees of freedom after applying a vector and was able to ‘lock’ ankle 
position (figure 1 & 2). A standard force of 35 Newton was executed 20 cm from 
the cranial-caudal tibial axis in plantar flexion, dorsiflexion, internal and external 
rotation. The ankle was also placed in combined dorsiflexion and external rotation 
to obtain the gold standard ‘stress radiograph position’
18
. The 35 Newton vector 
has been used before
18,25-27
, and typically results in 15-20˚ dorsiflexion, 30-40˚ 
plantar flexion, 15-25˚ in- and external rotation in an intact ankle
18
. This force was 
applied after 30 seconds of preconditioning force in the various positions to 
minimize the effect of consecutive forces on the mobility of the ankle. Our pilot 
studies showed there was no difference in which order the various positions were 
measured and the use of other forces (15-60 Newton) did not affect the range of 
motion substantially except for plantar flexion.  
In an undamaged ankle (LH0) SER injuries in various stages were imitated 
by A) transsection of the anterior syndesmotic ligament and infliction of an oblique 
fibular osteotomy starting ventrally at the level of the joint space (LH2), B) 
transsection of the posterior syndesmotic ligament (LH3), C) transsection of the 
deep deltoid fibers (LH4d), and D) transsection of both the deep and superficial 
(total) deltoid fibers (LH4t). Since we were interested in talar displacement in 
fractures and not sprains, we intentionally omitted to create solely a SER type I 
injury. The deep deltoid fibers (posterior tibio-talar part and anterior tibio-talar 
part) were transected according to a protocol with a posterior medial incision. 
Fibres were transected from posterior to anterior. At each stage the vector of 35 
Newton was applied to obtain dynamic information. Every single stage and position 
was documented with MDCT. The MDCT allowed us to reconstruct conventional AP 
and lateral radiographs from the raw data (figure 3) to minimize displacement of 
the experimental installation in between the various positions and injuries. 
Calculations were performed on the ‘perfect’ mortise view. The scans were 
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performed according to a standard protocol of the department of radiology for 
osseous imaging (0.5 mm slices, 120 kV, 200 mAs). For six cadavers in six positions 
(neutral, plantar and dorsiflexion, internal (endorotation) and external rotation and 
stress radiograph) and five stages of the Lauge Hansen supination external rotation 
classification (undamaged, type II, III and IVd (deep) and IVt (both deep en 
superficial deltoid fibers)), this resulted in 180 MDCT scans and 360 radiographs 
(mortise and lateral) reconstructed from the raw data set of each CT-scan. Table 1 
shows abbreviations of each documented stage.  
Each radiograph and MDCT-scan were evaluated according to a standard 
protocol. Transversal slides of the MDCT showed rotation of the talus. The angle 
was defined by the lateral cortex of the medial malleolus and the medial cortex of 
the talar role at the level of the intercollicular groove. To minimize error in 
measurements, all scans were evaluated twice by the first author and the average 
was rounded to single degrees. An independent observer not involved in this study 
was asked to measure talar rotation after instructions in a random sample of ten 
scans. Mean difference between her results and measurements performed by the 
first author was 1˚ (SD 4˚). Measurements on radiographs included A) clear medial 
space widening (mm with one decimal) with regard to the lateral joint space and 
joint space between talar dome and tibia plafond (mortise view), B) dorsal fibular 
dislocation in mm (lateral view), C) lateral fibular dislocation in mm (mortise view), 
D) valgus tilt in degrees (mortise view), and E) talar (sub)luxation (lateral view). In 
order to correct for contribution of cartilage to the clear space widening, the ‘true’ 
medial clear space was measured on three different places and the largest distance 
was subtracted from smallest superior joint space (also measured on three 
different places). Talar (sub)luxation was defined as incongruity of the talus role 
and tibia plafond on lateral radiographs.  
Statistical analysis was performed using with SPSS®, version 19.0 (SPSS Inc, 
Chicago, U.S.A.). A normal distribution was assumed; we used parametric tests. For 
qualitative data we used the Chi-Square or Fisher’s exact test (multiple or two 
samples, two tailed) and for quantitative data the One-Way ANOVA or t-test 
(multiple or two samples, two tailed). A significance level α = 0.05 was assumed.  
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Figure 1 
 
 
Figure 2 
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Figure 3 
 
Mortise view of a radiograph reconstructed from the raw data of the MDCT 
showing an ankle in neutral position with an oblique fibular osteotomy. The two 
white bars are calibration tools for digital measurements of the joint spaces.  
 
Table 1 
No injury with ankle in neutral position LH0NEU 
No injury with ankle in dorsiflexion LH0DF 
No injury with ankle in plantar flexion LH0PF 
No injury with ankle in internal rotation LH0EN 
No injury with ankle in external rotation LH0EX 
No injury with ankle in combined dorsiflexion and external rotation LH0DF+E
X 
Transection of anterior syndesmosis and an oblique fibular osteotomy with ankle in 
neutral position 
LH2NEU 
Transection of anterior syndesmosis and an oblique fibular osteotomy with ankle in 
dorsiflexion 
LH2DF 
Transection of anterior syndesmosis and an oblique fibular osteotomy with ankle in 
plantar flexion 
LH2PF 
Transection of anterior syndesmosis and an oblique fibular osteotomy with ankle in 
internal rotation 
LH2EN 
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Transection of anterior syndesmosis and an oblique fibular osteotomy with ankle in 
external rotation 
LH2EX 
Transection of anterior syndesmosis and an oblique fibular osteotomy with ankle in 
combined dorsiflexion and external 
rotation 
LH2DF+E
X 
Transection of anterior and posterior syndesmosis and an oblique fibular osteotomy with 
ankle in neutral position 
LH3NEU 
Transection of anterior and posterior syndesmosis and an oblique fibular osteotomy with 
ankle in dorsiflexion 
LH3DF 
Transection of anterior and posterior syndesmosis and an oblique fibular osteotomy with 
ankle in plantar flexion 
LH3PF 
Transection of anterior and posterior syndesmosis and an oblique fibular osteotomy with 
ankle in internal rotation 
LH3EN 
Transection of anterior and posterior syndesmosis and an oblique fibular osteotomy with 
ankle in external rotation 
LH3EX 
Transection of anterior and posterior syndesmosis and an oblique fibular osteotomy with 
ankle in combined dorsiflexion and external rotation 
LH3DF+E
X 
Transection of anterior, posterior syndesmosis and deep fibers of the deltoid ligament 
and an oblique fibular osteotomy with ankle in neutral position 
LH4dNEU 
Transection of anterior, posterior syndesmosis and deep fibers of the deltoid ligament 
and an oblique fibular osteotomy with ankle in dorsiflexion 
LH4dDF 
Transection of anterior, posterior syndesmosis and deep fibers of the deltoid ligament 
and an oblique fibular osteotomy with ankle in plantar flexion 
LH4dPF 
Transection of anterior, posterior syndesmosis and deep fibers of the deltoid ligament 
and an oblique fibular osteotomy with ankle in internal rotation 
LH4dEN 
Transection of anterior, posterior syndesmosis and deep fibers of the deltoid ligament 
and an oblique fibular osteotomy with ankle in external rotation 
LH4dEX 
Transection of anterior, posterior syndesmosis and deep fibers of the deltoid ligament 
and an oblique fibular osteotomy with ankle in combined dorsiflexion and external 
rotation 
LH4dDF+
EX 
Transection of anterior, posterior syndesmosis and the total deltoid ligament and an 
oblique fibular osteotomy with ankle in neutral position 
LH4tNEU 
Transection of anterior, posterior syndesmosis and the total deltoid ligament and an 
oblique fibular osteotomy with ankle in dorsiflexion 
LH4tDF 
Transection of anterior, posterior syndesmosis and the total deltoid ligament and an 
oblique fibular osteotomy with ankle in plantar flexion 
LH4tPF 
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Transection of anterior, posterior syndesmosis and the total deltoid ligament and an 
oblique fibular osteotomy with ankle in internal rotation 
LH4tEN 
Transection of anterior, posterior syndesmosis and the total deltoid ligament and an 
oblique fibular osteotomy with ankle in external rotation 
LH4tEX 
Transection of anterior, posterior syndesmosis and the total deltoid ligament and an 
oblique fibular osteotomy with ankle in combined dorsiflexion and external rotation 
LH4tDF+E
X 
 
Results 
Overall results; talar rotation and medial clear space widening 
Figure 4 shows the relation between talar rotation and medial clear space 
widening. Radiographs with a medial clear space widening of two mm or more had 
a significant more talar rotation on MDCT (8° versus 24°, p < 0.001, student t-test). 
A medial clear space widening of two mm or more was only observed 19 times (one 
time LH2, five times LH3, six times LH4d and 4 times LH4t). This means there was a 
mean talar rotation of 8° (SD 14°) in 161 species which was not expressed as a 
medial clear space widening of two mm or more on radiographs. Among these 161 
radiographs were 24 LH4d and 26 LH4t injuries. When a lineair relation between 
talar rotation and medial clear space widening was assumed (red line figure 4, R
2
 ≈ 
0.4), only a talar rotation of 21° would result in a medial clear space widening of 
two mm or more.  
 
Results per Lauge Hansen stage and ankle position 
Table 2 shows the mean talar rotation and mean medial clear space 
widening (rounded to whole numbers) in each position and stage of the Lauge 
Hansen classification. In only three positions a mean medial clear space widening of 
two mm or more was noticed (LH3, LH4d and LH4t combined with an external 
rotation force). Without discrimination for the various positions of the ankle, there 
was no correlation between rotation and the various stages of the Lauge Hansen 
classification (figure 5, R
2
 ≈ 0). After pulling the ankle positions apart, it appears 
that internal and external talar rotation gradually increase when inflicting 
additional trauma (figure 6). Neutral position of the ankle shows almost no talar 
rotation (mean 4°, SD 6˚). Rotation in all positions significantly increased after 
transecting the deep fibers of the deltoid ligament (mean 13.4° in LH3 versus 15.4° 
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in LH4d, p < 0.01, student t-test). There was no difference after transecting the 
complete deltoid ligament (mean 15.4° in LH4d versus 16.9° in LH4t, p = 0.17, 
student t-test). For these last two tests talar rotation was corrected for ‘negative’ 
rotation (meaning internal instead of external talar rotation) to determine the true 
difference of rotation from the baseline. 
 
Fibular displacement, talar tilt and (sub)luxation 
Dorsolateral fibular diplacement of two mm or more was associated with 
an absolute medial clear space of five mm or more or a medial clear space 
widening of two mm or more (p < 0.01, Fisher’s exact test). Talar rotation was more 
severe when a dorsolateral fibular displacement of two mm or more was observed 
in AP or lateral view (mean 8° versus 10°, p < 0.001, student t-test, corrected for 
negative values), but the difference doesn’t seem clinically relevant (figure 7; note 
the boxplots don’t show the mean values but median values). There was no clear 
pattern between mean talar tilt and the various positions of the ankle (figure 8). If 
there was talar tilt, there was a preference towards varus position. Only after 
completely destabilizing the ankle there was a tendency towards valgus position (or 
less varus tilt). Talar (sub)luxation never occurred in neutral, dorsiflexion and 
plantar flexion positions, it occurred often in internal rotation and combined 
dorsiflexion with external rotation positions and it occurred almost always in 
external rotation position.  
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Figure 4 
 
 
Graph showing the relation of medial clear space widening (mm) on mortise 
radiographs and talar rotation (degrees) on CT. A negative medial clear space 
widening corresponds with narrowing of the medial clear space compared the 
superior clear space between. A negative talar rotation corresponds with internal 
rotation and positive values correspond with external rotation. 
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Figure 5 
 
Graph showing the talar rotation on CT in the various stages of the Lauge Hansen 
classification. The different stages include all six ankle positions (neutral, 
dorsiflexion, plantar flexion, internal rotation, external rotation and combined 
dorsiflexion with external rotation). 
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Figure 6 
 
Graph showing the mean talar rotation of six cadavers per ankle position and per 
stage of the Lauge Hansen classification. Negative values correspond with internal 
talar rotation.  
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Figure 7 
 
Boxplots showing the distribution of talar rotation in cadavers with a dorsolateral 
fibular displacement of less than two mm and two mm or more.  
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Figure 8 
 
Graph showing the relation between the various stages of the Lauge Hansen 
classification en the varus and valus position (degrees).  
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Table 2 
 Talar rotation on CT (degrees) 
  LH0 LH2 LH3 LH4d LH4t 
NEU 5 (5) 3 (5) 4 (6) 5 (7) 4 (7) 
DF 2 (4) 2 (3) 1 (4) 3 (8) 2 (5) 
PF 16 (6) 15 (6) 15 (4) 17 (9) 16 (7) 
EN -3 (6) 1 (8)  -10 (6) -15 (10) -26 (11) 
EX 16 (4) 30 (3) 29 (3) 31 (4) 36 (2) 
DF+EX 11 (3) 23 (2) 19 (4) 18 (4) 15 (5) 
      
 Medial clear space widening (mm) 
NEU 0 (0) -1 (1) -1 (1) 0 (1) 0 (1) 
DF 0 (1) 0 (1) -1 (0) 0 (1) 0 (1) 
PF 1 (1) 0 (1) 0 (1) 0 (1) 1 (1) 
EN -1 (1) -1 (1) 0 (1) -1 (2) -3 (1) 
EX 0 (0) 1 (1) 2 (1) 2 (1) 2 (2) 
DF+EX 0 (1) 1 (1) 1 (1) 1 (1) 0 (1) 
 
Data represent the average values of six cadavers for the talar rotation and medial 
clear space widening in the various positions rounded to whole numbers (standard 
deviation rounded to whole numbers). A negative talar rotation corresponds with 
internal rotation and positive values correspond with external rotation. A negative 
medial clear space widening corresponds with narrowing of the medial clear space 
compared the superior clear space between.  
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Discussion 
This is the first study conducted to compare talar rotation on CT with 
medial clear space widening on radiographs in ankle fractures. It showed that talar 
rotation even in high grade injuries on CT was often not expressed as medial clear 
space widening on radiographs due to projection of the not displaced 
posteromedial corner of the talus. Only high grade injuries combined with external 
rotation result in medial clear space widening of two mm or more. Additional 
damage was correlated with talar rotation and dorsolateral fibular displacement. 
The deep fibres of the deltoid ligament seemed the most important structure to 
prevent talar rotation, but severe talar rotation was also observed in low grade 
injuries and even undamaged species. Our findings are consistent with outcomes of 
experimental studies with roentgenographic stereophotogrammetric analyses and 
pressure sensitive films
19-21
, but those studies used diagnostics that are not easy 
applicable in the clinically setting (of an emergency department for example). 
The key question is the clinical importance of the talar rotation found in 
this study. The landmark experiment performed by Ramsey et al, confirmed later 
by Lloyd et al and Harris et al showed that a lateral translation of the talus of only 
one mm results in a reduction of the contact area between tibia and talus of about 
40%, because the surface of the talus is not flat and homogeneous
14,30,31
. This 
reduction in contact area results in peak forces in axial loading during weight 
bearing, which in turn finally will cause post-traumatic osteoarthritis. If these peak 
forces exert disproportionate load on the tibiotalar joint, end-stage osteoarthritis 
may be revealed even after 20 years
32
. This has been the rationale to perform 
surgery on fractures with a medial clear space widening of two mm or more 
nowadays, in order to prevent long-term osteoarthritis and reduce the risk of mal- 
and nonunion. According to the same principle, it is likely that persistent increased 
talar rotation causes a reduction in the contact area resulting in peak forces and 
post-traumatic osteoarthritis. Failed diagnosis of talar rotation might be the 
explanation for suboptimal long-term results in ‘some’ stable SER type II fractures 
in literature earlier. The famous study of Bauer et al that advocates conservative 
treatment in SER type II injuries yet showed subjective complaints in 4% and signs 
of post-traumatic osteoarthritis in 6%
24
. Recent studies also fail to achieve a both 
functional and radiographic perfect result after conservative treatment of SER type 
II fractures
32-34
. 
We also found a correlation between fibular fracture displacement and 
increased medial clear space and talar rotation. Previous data confirmed no 
163 
 
correlation between dorsolateral fibular displacement measured on conventional 
radiographs without stress views in SER type II injuries (no signs of medial injury or 
medial clear space widening)
35
. Dorsolateral displacement of the fibula due to an 
externally rotating talus that pushes the fibula away seems a logic explanation for 
this phenonemen. So dorsolateral fibular displacement of two mm or more is an 
expression of talar rotation. This hypothesis is not fully supported by our data, 
because the difference in rotation was statistically significant, but very small (8˚ 
versus 10˚). However, a small difference in rotation can result in large movements 
further away from the origin of the angle.  
Since a few years there is a trend towards the use of more diagnostics to 
confirm stability in ankle fractures. Physical examination alone to determine the 
integrity of the deep deltoid ligament has limited value according to some 
authors
25
. Currently the diagnosis of instability in SER type injuries is made by 
medial clear space widening on stress radiographs
18,36,37
. Previous experimental 
cadaver studies showed that the deep fibres of the deltoid ligament are the most 
important structure for stability
17,20,21
. This experiment endorses the important role 
of the deep fibres of the deltoid ligament, because maximal external rotation of the 
talus increased significantly after transsecting. Our stress views of combined 
dorsiflexion with external rotation were not helpful to diagnose medial clear space 
widening. There was no mean medial clear space widening of two mm or more in 
any of the different stages when using the stress radiographs. On the contrary, 
when putting the ankle in stress position external talar rotation decreased 
compared to external rotation alone.  
The design of the present study is fair regarding data collection 
(prospectively) and the use pilot studies and methods of measurements to help to 
prevent flaws and biases. The number of six cadavers was due to limited resources. 
However, other relevant cadaver studies on the biomechanical aspects of ankle 
injuries used 3 to 13 specimens
17-21
. Regarding the amount of MDCT-scans (180) 
and plain radiographs (360), six specimens were sufficient for adequate statistical 
data analysis. Despite precise radiologic measurements, the radiographs used were 
not conventional radiographs but reconstructed from raw MDCT data. We were 
able to make adequate mortise and lateral radiographs with the right angle, but the 
resolution of these reconstructed radiographs is inferior compared to conventional 
radiographs. The most important drawback of this biomechanical study is the 
inability to correlate talar rotation and functional outcome in long-term clinical 
results.  
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The indication for surgical or conservative treatment should not depend 
on a sole parameter, but on a combination of several determinants of stability. This 
study adds talar rotation to this complex mix of parameters together determining 
stability. With new low-dose technological developments CT-scans are cheaper and 
easier available and there is a trend towards a diagnostic path in which surgeons 
more often use scans. In future the use of talar rotation in low-dose CT-scans 
should play an important role to redefine rules of stability and instability in order to 
decide on surgical or conservative treatment. The rationale for diagnostic and 
therapeutic protocols might change in a way that no longer operative, but 
conservative treatment must be justified by the absence of external rotation seen 
on the CT-scan. A logical next step would be a retrospective case series in living 
humans with ankle fractures to correlate radiographic findings and talar rotation in 
CT-scans. Hereafter prospective data of CT’s and radiographs should be acquired in 
healthy and injured ankles to define normal and abnormal values of talar rotation 
and different types of injuries.   
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Chapter 9 
General discussion 
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Strenghts and weaknesses of this thesis and future research directions 
 Despite the ongoing studies described in chapter two, the review shows 
there is a necessity to perform more high quality randomized studies in the future 
on whether ankle fractures in adults should be treated operatively or 
nononperatively. Though the review shows a complete overview of the available 
high quality evidence until 6 February 2012, evidence of lower quality was not 
included. Despite the risk of bias a lot of cohort studies and case series available 
form the basis of treatment of ankle fractures nowadays. This is not a problem per 
se
1
. High quality randomized studies are difficult to perform adequately, take a lot 
of time and are expensive to perform. The review will be updated within a few 
years to include the ongoing studies and hopefully a meta-analysis can then be 
performed. At the moment of publication of this thesis, already one of the ongoing 
studies has been published. Sanders et al
2
 performed a high quality multicenter 
trial in Canada and randomized 81 patients with unstable unilateral malleolar 
fractures confirmed by an external rotational stress examination between surgical 
versus conservative treatment. Functional outcome after 52 weeks showed no 
difference in both groups, but the risk of displacement and problems with union 
was substantially lower in patients managed with surgery. Because both Sanders et 
al and Makwena et al
3
 use the Olerud and Molander ankle score
4
 a meta-analysis is 
likely possible in the future. Another important Cochrane review still to be carried 
out is about the different surgical interventions for treating ankle fractures in 
adults.  
 Chapter three deals with a consecutive case series using both the mould 
and conventional radiographs and its results are promising. The radiologic 
technologists in our hospital have standerdized the use of the mould now, and they 
wouldn’t want without it anymore. However to make its way into more hospitals 
the acryl mould should be compared to conventional radiographs in an adequately 
powered observer blinded randomized controlled clinical trial. Chapter 4 describes 
eight cases of a cohort of 388 patients and it shows that the main reason for 
nonunion in stable type B ankle fractures is likely underestimation of instability. 
Problem of this study is that only the cases in which a symptomatic nonunion 
occurred were investigated. For example, we don’t know how many patients of 
other 380 without a nonunion had signs of progressive fibular displacement or 
tenderness when palpitating the medial malleolus at the time of trauma. Ideally all 
clinical and radiographical items mentioned in the methods section of chapter 4 
should also be checked in the other patients to compare both groups.  
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 The data in chapter five is unique and it is unlikely such a study will be 
performed in the future. It shows conservative treatment of these type of fractures 
is justified. Due to its rarity it almost impossible to perform a randomized 
controlled clinical trial about surgical or conservative treatment for isolated 
posterior malleolar fractures. Our study shows these types of fractures are likely 
associated with additional ligamentous injury and the trauma mechanism seems 
the same as in Lisfranc injuries. Chapters six and seven both show unique data 
about pronation and supination external rotation injuries. Both studies contain 
large cohorts followed for a long time and treated according to a protocol. The 
results support the idea medial clear space widening is the most important feature 
in the rationale for conservative or surgical treatment until now. However,  the 
problem with chapters 5, 6 and 7 is that it are not randomized controlled clinical 
trials. The outcome parameters we used were concrete, but one can question 
whether the Olerud and Molander score was sufficiently discriminating to evaluate 
this outcome in our study. A good outcome parameter to use (but only recently 
available) is the TEFTOM instrument
5
.  
 Chapter eight is a cadaver study with interesting new data about talar 
rotation in supination external rotation injuries. There is significant talar rotation in 
high grade injuries, but this is not expressed as medial clear space widening on 
conventional radiographs even in some high grade injuries. It is likely this talar 
rotation is responsible for a reduction in the tibio-talar contact area and must be 
prevented with treatment in order ot prevent symptomatic post-traumatic 
osteoarthritis. The findings in this study may prelude a new era in which the 
rationale for diagnostic and therapeutic protocols might change in that way that no 
longer operative, but conservative treatment must be justified by the absence of 
external rotation seen on the CT-scan. The problem with this study is that it is not a 
clinical study. New research should focus on talar rotation in living humans with 
and without ankle fractures. Boundries between normal and abnormal talar 
rotation should be explored and the effect of surgical and conservative treatment  
on talar rotation in ankle fractures should be followed.  
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Chapter 10 
Summary 
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Chapter one is a general introduction of this thesis and shows the basic 
ankle anatomy, major classification systems of ankle fractures (with the different 
advantages and disadvantages) and presents the outline of the thesis.  
Chapter two is an overview (Cochrane Review) of the available high quality 
evidence regarding whether ankle fractures in adults should be treated surgically or 
non-surgically. Each year, one in every 800 people sustain an ankle fracture. Such 
injuries typically happen to young men and older women. Ankle fractures can be 
treated surgically or conservatively (non-surgically). Surgery involves an operation 
to expose the fracture for reposition of the broken parts of the bone and then fix 
them in place using wires, pins, screws and other implants. Treatment after surgery 
varies but may also include the use of a plaster cast. Conservative treatment 
involves repositioning of the fractured bone by manipulating it through the skin, 
followed by immobilisation of the ankle in a plaster cast for several weeks. This 
review aimed to find out whether surgery or conservative treatment gives a better 
long-term outcome for people with these injuries. This review included four trials, 
involving a total of 292 participants. All four trials had flawed methods that could 
affect the reliability of their findings. No data could be pooled for long-term 
measures of function or pain. The largest trial found no evidence of differences 
between surgery and conservative treatment in patient-reported symptoms or 
walking difficulties at seven years follow-up. The second trial found better results 
for the surgical group for function but not pain at 27 months, while the third trial 
reported no difference between the two groups in clinical outcome at 3.5 years. In 
all four trials, there were some patients in the conservative treatment group who 
were treated surgically because the repositioning of the fractured bone was judged 
unsuccessful. Otherwise, there were no significant differences between the two 
groups in any of the reported complications nor in radiological signs of 
osteoarthritis. Overall, there was not enough reliable evidence to draw conclusions 
about whether surgery or conservative treatment is more appropriate for treating 
broken ankles in adults.  
Chapter three deals with the use of an acrylic mold to improve radiographs 
in ankle fractures. For an optimal diagnostic accuracy of ankle radiographs 
adequate anterior-posterior and lateral mortise views are mandatory. For a perfect 
mortise view the foot must be 15-25 degrees internally rotated. This is traditionally 
done with a free hand technique. So the radiological nurse strongly determines x-
ray quality and accuracy of the mortise view. To eliminate this ‘operator bias’ a 
simple acrylic mold is introduced for optimal position of the ankle. Thirty-one 
consecutive patients who presented at the emergency department of our hospital 
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with an ankle fracture was selected. The radiological nursing staff was instructed to 
take two additional x-rays in the mould when the primary free hand radiographs 
revealed an ankle fracture. The standard radiographs were compared to 
radiographs taken with the ankle in the mold. Radiographic evidence of ankle 
displacement was ascertained using both sets of radiographs, and 3 radiographic 
spaces (lateral talofibular, central talotibial, and medial talotibial) were considered 
identifiable on the mortise view. The routine radiographs identified 58 joint spaces 
(62%) and the use of the acrylic mold showed 74 (80%; p<.0001). The indication for 
conservative or operative treatment was assessed with both sets of radiographs. 
Because of tibio-talar incongruity 6/31 patients would need operative treatment 
based on standard radiographs (p=.32). With the mold radiographs 8/31 patients 
were found to have tibio-talar incongruity, indicating operative treatment. 
Considering only the fibular dislocation, 12/31 patients would need operative 
treatment in case of the standard radiographs, while 15/31 patients with the mold 
radiographs had an indication for operative treatment (p=.08). Combining tibio-
talar incongruity and fibular dislocation, significantly (p<.05) more patients would 
need surgery based on mould radiographs (12 versus 16 out of 31 patients). In this 
study, the use of a acrylic mold enabled us to make radiographs that gave better 
view of the exact anatomical congruity of the osseous structures hereby making 
the decision on operative or conservative treatment more accurate. We conclude 
that the use of a acrylic mold is a cheap and simple way to enhance the quality of 
radiographs and treatment of ankle joint fractures.  
In chapter four the incidence and etiology of nonunion after a stable type 
B ankle fracture are investigated. There is little literature about pseudarthosis in 
stable ankle fractures. One important study from 1971 showed nonunion was 
associated with fractures involving the medial malleolus, fractures of the 
supination type, and varus displacement of the talus. We know end stage ankle 
osteoarthritis occurs significantly more ofter after a nonunion. We used a 
prospective electronic medical record system to identify all patients with a 
nonunion after a conservatively treated stable type B ankle fracture during an 8.5-
year period. Items that were assessed were patient characteristics, history, and 
clinical findings;  radiologic features known to be relevant for fracture classification; 
and treatment aspects. During the predefined period 388 patients sustained an 
isolated lateral malleolar fracture (OTA type B) that was considered stable and was 
therefore treated conservatively (46 patients/year). Of these 388 patients, 8 (2.1%) 
developed a nonunion. The main complaint at the diagnosis of the “nonunion” was 
persistent pain. All but 1 patient underwent surgery to correct the nonunion. In 
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retrospect, patient history was not helpful to explain the nonunions, except for 1 
patient with pain at the medial malleolus. A closer view of the treatment aspects 
also did not provide any factors predictive of nonunion. However, the expression of 
joint instability on the initial radiographs or the follow-up investigations were 
found in 6 patients. If the clinical and radiographic signs were combined, the 
presence of an unstable fracture of the lateral malleolus with injury to the medial 
side of the joint was very likely in 7 of 8 patients. 
In chapter five a case series is described of 19 isolated posterior malleolar 
ankle fractures with follow up of 20 years. Isolated posterior malleolar fractures are 
rare with an estimated incidence among ankle fractures of 0.5%. An isolated 
posterior malleolar fracture can either be the bony variant of a rotational injury to 
the posterior syndesmotic ligament, for instance a supination external rotation 
type III lesion in the Lauge Hansen classification system, or be due to plantar 
hyperflexion combined with a vertical compression  force. Others believe the injury 
is always part of a high fibular (Maisonneuve) fracture, which may be missed. There 
is debate as to whether a posterior malleolar fracture can exist in isolation or 
whether there is always an  associated ligamentous injury. A prospective registry of 
all injured patients treated at the Saint Elisabeth Hospital in Tilburg (a level 1 
trauma centre) was kept from 1 January 1985 onwards. From this database, all 
those who sustained an isolated fracture of the posterior malleolus of the ankle in 
the period from 1 January 1985 to 1 January 1990 were extracted for retrospective 
analysis. All patients had been treated conservatively with closed reduction by 
gentle dorsiflexion to an anatomical position followed by application of a plaster 
cast, either with progressive weight-bearing in a lower-leg plaster cast with the foot 
in neutral position for six weeks (n = 22), or with a tape bandage (n = 2). One week 
after the injury a second radiograph without a cast was made to detect secondary 
fracture displacement. Two weeks after removal of the plaster or tape, a third 
radiograph was made. At follow-up one patient had died, another refused to co-
operate, and three could not be traced. All patients were evaluated with the 
Olerud and Molander score, loaded dorsal and plantar ROM. Radiological features 
were assessed for osteoarthritis, the anatomical criteria of Cedell and medial clear 
space widening. At the time of the initial trauma all the patients but one reported 
pain on palpation of the ventral or medial side of the ankle, suggesting ligamentous 
injury. The median displacement of the posterior fragment before reduction was 4 
mm (1 to   15) and median fragment size as a proportion of the tibial plafond as 
measured on lateral radiographs was 12% (3% to 47%). There were no 
complications. After a median of 20 years (17 to 24) follow-up was completed in 19 
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out of 23 living patients. The median Olerud and Molander score was 100 points 
(mean 94 (75 to 100)), with 10 patients (53%) in the ‘excellent’, four (21%) in the 
‘good’ and five (26%) in the ‘moderate’ result groups. When the loaded dorsal 
range of movement was reviewed, 12 patients (63%) scored an ‘excellent’, six 
(32%) ‘good’ and one (5%) a ‘moderate’ result. The loaded plantar range of 
movement was ‘excellent’ in 15 patients (79%), ‘good’ in three (16%) and 
‘moderate’ in one (5%). Medial joint space widening was ‘excellent’ in six patients 
(32%) and ‘good’ in 13 (68%). Concerning osteoarthritis there was an ‘excellent’ 
score in seven patients (37%), a ‘good’ score in 11 (58%) and a ‘moderate’ score in 
one (5%). Considering the Cedell score, nine of the patients (47%) scored an 
‘excellent’, seven (37%) a ‘good’ and three (16%) a ‘moderate’ result. No patient 
scored a ‘poor’ result in any of the outcome parameters. When judging the Cedell 
score only for the posterior malleolus the result was ‘anatomical’ or ‘good’ in 95% 
(n = 18). This cohort of 19 patients with isolated posterior malleolar fractures from 
24 such injured patients who were available for long-term evaluation from a 
database of 580 consecutive ankle fractures suggests that the true incidence of this 
injury may be much higher (4%) than that reported in the literature. The long-term 
prognosis is excellent or good, and radiologically severe post-traumatic 
osteoarthritis was not observed, although there were some radiological features of 
arthritis in 63% of cases. 
Chapter six deals with pronation external rotation (PER) injuries in the 
Lauge-Hansen classification. These injuries are also known as Weber-C or OTA type-
C fractures and account for approximately 20% of all ankle fractures. The present 
study shows the long-term results (median, 22 years) of protocolled treatment in 
98 PER type III–IV fractures in adults treated between January 1, 1985, and January 
1, 1990. A prospective trauma registry was instituted at Saint Elisabeth Hospital in 
Tilburg in January 1985. The registry contained baseline patient characteristics, a 
categorized diagnosis (using Weber, Lauge-Hansen, and the OTA classification 
systems), and the basic treatment data. According to the protocol, stable fractures 
were treated conservatively. Stability was determined by tibiotalar congruity. 
Outcome parameters used were (1) functional outcome questionnaire (Olerud 
score), (2) physical evaluation (loaded dorsal range of motion), (3) functional 
impairment (AMA Guides, 5th ed.), and (4) radiographic evaluation (Cedell score, 
medial clear space widening, and osteoarthritis). After a median of 22 years, 
follow-up was achieved in 95% (n = 60) of living patients. Only 4 patients had a true 
PER type III injury, of which 2 received internal fixation. Three of the 5 patients with 
unclear injury (between PER III and IV) were treated operatively. Fifty-one patients 
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(85%) had a PER type IV injury and 46 of those patients (90%) underwent surgery. 
Nine patients were treated conservatively (2 PER type III, 2 PER type III–IV, and 5 
PER type IV injuries) because their medial clear space widening was less than 2 mm. 
The remaining 51 patients (85%) were treated operatively. Despite the protocol, 9 
patients were treated operatively despite tibiotalar congruity (medial clear space 
widening ≤2 mm). The median Olerud score was 98 (range, 20–100). Fifty-five 
(90%) of 60 patients scored an excellent or good result. The loaded dorsal ROM was 
excellent or good in 51 (88%) of 58 patients. With regard to osteoarthritis, 46 (78%) 
of 59 patients had an excellent or good result. In 50 (85%) of 59 patients, the 
medial clear space widening was ≤ 1 mm. According to the Cedell score, 49 (83%) of 
59 patients had an excellent or good result. There was a correlation between the 
patient’s history (Olerud score) and clinical findings (loaded dorsal ROM, 
osteoarthritis, and Cedell score). The 3 patients who had a moderate score 6 weeks 
after trauma, still had a moderate/poor score after 22 years. After 22 years, 11 
patients scored a moderate/poor result despite excellent/good 6-week scores. This 
correlation between short- and long-term results are statistically significant 
(Spearman test; rho = 0.48, P < 0.01). The median Olerud score for conservatively 
treated patients was 100 (range 70–100), whereas the median Olerud score for 
ORIF patients was 95 (range 20–95). The functional impairment, expressed as 
percentage of Whole Person Impairment (AMA Guides, 5th ed.), varied between 
0% for conservatively treated patients and 0%–3% for operatively treated patients 
(P = 0.02). There were no statistical differences regarding the 5 outcome 
parameters between conservatively and operatively treated patients. We conclude 
that the long-term result of surgical treatment of PER ankle fractures is "good" or 
"excellent" in the majority of patients. 
Chapter seven is a retrospective cohort study about supination external 
rotation (SER) injuries. SER injuries are also known as Weber B or OTA type B ankle 
fractures. The present study shows the long-term results (median, 21 years) of 
protocolled treatment in 148 SER type II–IV fractures in adults treated between 
January 1, 1985, and January 1, 1990. A prospective trauma registry was instituted 
at Saint Elisabeth Hospital in Tilburg in January 1985. The registry contained 
baseline patient characteristics, a categorized diagnosis (using Weber, Lauge-
Hansen, and the OTA classification systems), and the basic treatment data. 
According to the protocol, stable fractures (ie, fractures with joint congruity 
without sign of a deltoid ligament rupture or medial malleolar fracture) were 
treated conservatively. Outcome parameters used were (1) functional outcome 
questionnaire (Olerud score), (2) physical evaluation (loaded dorsal range of 
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motion), (3) functional impairment (AMA Guides, 5th ed.), and (4) radiographic 
evaluation (Cedell score, medial clear space widening, and osteoarthritis). 
Nonoperative treatment with plaster immobilization was performed in 62 (42%) 
patients. Within this group, 55 patients had a medial clear space widening of 2 mm 
or less and seven patients had a medial clear space widening of 3 mm or more after 
closed reduction. These seven patients were treated nonoperatively in 
contradiction to the protocol because of general contraindications for surgery 
(cardiopulmonary). Operative treatment was performed in 86 cases (58%). Sixty-
one fractures showed a preoperative medial clear space widening of 3 mm or 
more. Twenty-five patients with 2 mm or less dislocation were treated operatively 
in contradiction with the treatment protocol for unknown reasons. One hundred 
thirty-five of 146 patients (93%) scored a "good" result. The loaded dorsal ROM 
was "excellent" or "good" in 97%. With regard to radiologic osteoarthritis, 79% had 
an "excellent" or "good" result. In 92%, the medial clear space widening was 1 mm 
or less. According to the anatomic score of Cedell, 76% had an "excellent" or 
"good" result. For patients with a SER type II-III injury the median Olerud score was 
100 (range 35-100). For the other parameters a ‘good’ or ‘excellent’ result was 
scored in 97% (loaded dorsal ROM), 92% (osteoarthritis), 99% (medial clear space 
widening) and 92% (Cedell score). Functional impairment expressed as percentage 
of whole person impairment varied between 0% and 6%.  The 26 operatively 
treated patients with a SER type II-III injury performed equally well as the 55 
conservative treated patients with SER type II-III injury on all outcome parameters. 
For patients with a SER type IV injury the median Olerud score was 95 (range 5-
100). For the other parameters a ‘good’ or ‘excellent’ result was scored in 97% 
(loaded dorsal ROM), 65% (osteoarthritis), 85% (medial clear space widening) and 
59% (Cedell score). Functional performance expressed as percentage of whole 
person impairment varied between 0% and 16%. Five patients who sustained a SER 
type IV injury treated surgically developed severe posttraumatic osteoarthritis of 
the upper ankle necessitating an arthrodesis. Statistical analysis showed no 
differences in outcome among the three fracture types if treated according to the 
treatment protocol. Function loss in the long-term expressed as percentage of 
whole person impairment varied significantly between the different fracture types 
(P < 0.001). A statistical correlation between the Cedell scores 6 weeks and 21 
years after trauma could not be found (Spearman test, rho –0.19, P = 0.83). We 
conclude that the very long-term overall results of the stratified surgical treatment 
of SER type II-IV ankle fractures is "excellent" or "good" in the majority of patients 
and therefore seems justified. Although additional soft tissue damage is 
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unavoidable in case of operative treatment, it does not negatively affect outcome 
in the long term. 
In chapter eight the role of talar rotation in supination external rotation 
injuries is examined in a cadaver study. A clear medial space widening of more than 
2 mm on the mortise radiograph is considered to represent an ‘unstable’ fracture 
displacement that requires surgical reduction and internal fixation. Experimental 
studies revealed that a lateral talar dislocation of only 1 mm reduces the contact 
area between talus and tibia in such a way that the strongly increased peak loads 
will damage the carilage, which might finally result in symptomatic osteoarthritis. It 
is assumed that tibio-talar joint congruity is almost solely determined by the 
deltoid ligament. Currently, justification to operate a supination external rotation 
(SER) ankle fracture almost solely depends on medial clear space widening seen at 
the plain mortise radiograph. This study aims to investigate the effect of talar 
rotation on medial clear space widening, fibular dislocation and  tibio-talar 
incongruity between talus and tibia in SER ankle fractures in six cadaver legs. SER 
injuries were stepwise inflicted. At each stage a standard force was applied in 
plantar flexion, dorsal flexion, internal rotation, external rotation and combined 
dorsiflexion and external rotation. The various positions in all different SER stages 
was documented with CT and radiographs. Radiographs with a medial clear space 
widening of two mm or more had a significantly severe talar rotation (7.53° versus 
23.68°, p < 0.001, student t-test). A medial clear space widening of two mm or 
more was only observed 19 times. A mean talar rotation of almost 8° (SD 13.52°) in 
161 radiographs was not expressed as a medial clear space widening of two mm or 
more on radiographs. Among these 161 radiographs were 50 SER type IV injuries. 
Talar rotation was correlated with dorsolateral fibular displacement. We conclude 
external rotation alone can result in apparently normal clear medial space widening 
on conventional two-dimensional mortise radiographs, but is easily detected with 
CT. This study provided evidence that the rationale for diagnostic and therapeutic 
protocols might change in that way that no longer operative, but conservative 
treatment must be justified by the absence of external rotation seen on the CT-
scan. 
Chapter nine is a general discussion that deals with strengthnesses and 
weaknesses of this thesis and gives some ideas for further research. 
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Chapter 11 
Samenvatting  
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 Hoofdstuk één is een algemene introductie van dit proefschrift en toont de 
algemene anatomie van de enkel, de belangrijkste classificatiesystemen van 
enkelfracturen (en de verschillende voor- en nadelen) en presenteert de 
hoofdlijnen van het proefschrift. 
Hoofdstuk twee is een overzicht (Cochrane Review) van de beschikbare 
hoogwaardige bewijslast met betrekking tot de vraag of enkelfracturen bij 
volwassenen operatief of niet-operatief moeten worden behandeld. Elk jaar loopt 1 
op de 800 mensen een breuk op (fractuur) van een van hun enkels. Dergelijke 
verwondingen gebeuren meestal bij jonge mannen en oudere vrouwen. 
Enkelfracturen kunnen operatief of conservatief worden behandeld (niet-
operatief). Een operatie betekent dat de breuk bloot wordt gelegd, zodat de 
gebroken delen van het bot kunnen worden geherpositioneerd om ze vervolgens 
vast te zetten met behulp van draden, pinnen, schroeven en andere implantaten. 
De behandeling na de operatie varieert. Er kan bijvoorbeeld ook een gipsverband 
gebruikt worden. Conservatieve behandeling bestaat uit het herpositionering van 
het gebroken bot door het manipuleren van de botdelen zonder de huid te openen, 
gevolgd door immobilisatie van de enkel in gips gedurende enkele weken. Deze 
review heeft tot doel na te gaan of een operatie of conservatieve behandeling een 
beter resultaat geeft op lange termijn voor mensen met deze letsels. Alle 
beschikbare literatuur in werd doorgenomen en alleen zogenaamde studies van het 
type RCT werden geincludeerd. Uiteindelijk werd vier studies nader onderzocht, 
waaraan in totaal 292 deelnemers meededen. Alle vier de onderzoeken hadden 
gebrekkige methoden die de betrouwbaarheid van de resultaten kunnen 
beïnvloeden. De gegevens uit de vier verschillende onderzoeken konden niet 
worden gebundeld. De grootste studie vond geen bewijs voor verschillen tussen 
chirurgie en conservatieve behandeling met betrekking tot door de patiënt 
gemelde symptomen na zeven jaar follow-up. De tweede studie vond betere 
resultaten voor de chirurgische groep voor de functie, maar niet met betrekking tot 
pijn na 27 maanden, terwijl de derde en vierde studie weer geen verschil 
rapporteerde tussen de twee groepen na 3,5 jaar en respectievelijk 20 weken. In 
alle vier de studies, waren er enkele patiënten in de groep met conservatieve 
behandeling die uiteindelijk toch chirurgisch werden behandeld, omdat de 
herpositionering van het gebroken bot zonder de huid te openen was mislukt. 
Verder waren er geen significante verschillen tussen de twee groepen in een van de 
gerapporteerde complicaties, noch in radiologische tekenen van slijtage op langere 
termijn. Over het geheel genomen was er niet genoeg betrouwbaar bewijs om 
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conclusies te trekken over de vraag of een operatie of conservatieve behandeling 
meer geschikt is voor de behandeling van gebroken enkels bij volwassenen. 
Hoofdstuk drie gaat over het gebruik van een mal van acryl om de 
kwaliteit van röntgenfoto’s bij patiënten met enkelfracturen te verbeteren. 
Standaard zijn röntgenfoto’s in twee richtingen nodig; zowel van voren als van de 
zijkant. Voor een zogenaamde mortise view (waarbij de gewrichtspleet het best 
zichtbaar is) moet de voet 15-25 graden naar binnen worden gedraaid ten opzichte 
van de röntgenstralenbundel. Normaal wordt dit ‘uit de losse pols’ gedaan door 
middel van instructies van de röntgenlaborant. Dus de röntgenlaborant bepaalt in 
hoge mate de kwaliteit van de röntgenfoto. Om dit te standardiseren hebben wij 
een eenvoudige mal van acryl ontwikkelt, waarmee de enkel in de optimale positie 
kan worden gepositioneerd. Eenendertig opeenvolgende patiënten die op de 
afdeling spoedeisende hulp van ons ziekenhuis binnenkwamen met een 
enkelfractuur deden mee aan de studie. De röntgenlaborant kreeg de opdracht om 
twee extra röntgenfoto’s in de mal te nemen als bij de röntgenfoto's ‘uit de losse 
pols’ bleek dat er sprake was van een enkelfractuur. De standaard röntgenfoto’s 
werden vergeleken met röntgenfoto's gemaakt met de mal. Per patient werden 
drie radiografische gewrichtspleten (laterale talofibulaire gewrichtspleet, centrale 
tibiotalaire gewrichtspleet, en mediale tibiotalaire gewrichtspleet) gebruikt om de 
kwaliteit van de röntgenfoto te meten. Op de routine röntgenfoto’s werden 58 
gewrichtspleten goed geïdentificeerd (62%) en bij gebruik van acryl mal waren 74 
gewrichtspleten zichtbaar (80%). Dit verschil is statistisch significant (p <0,0001). 
De indicatie voor conservatieve of operatieve behandeling werd gemeten met 
beide sets van röntgenfoto's. Op basis van tibio-talaire incongruentie (verplaatsing 
van de talus naar buiten) bij de standaard röntgenfoto’s zouden 6 van de 31 
patiënten in aanmerking komen voor een operatie. Met de mal waren dit er 8 van 
de 31. Dit verschil was niet statistisch significant (p = 0,32). Wanneer alleen gelet 
zou worden op de fibulaire fractuur dislocatie zouden met de routine foto’s 12 van 
de 31 patiënten voor een operatie in aanmerking komen, maar met de mal 15 van 
de 31 patiënten (niet significant, p = 0.08). Worden beide metingen gecombineerd 
(tibio-talaire incongruentie en fibulaire fractuur dislocatie) dan zouden significant 
meer patiënten voor een operatie in aanmerking komen wanneer zou worden 
afgegaan op de informatie beschikbaar van de foto’s gemaakt met de mal (12 
versus 16 van de 31 patiënten, p < 0.05). In deze studie heeft het gebruik van de 
mal geleidt tot het nauwkeuriger stellen van de diagnosen en gaf daarmee een 
betere onderbouwing voor de keuze voor operatieve danwel niet-operatieve 
behandeling. We concluderen dat het gebruik van een acryl mal een goedkope en 
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eenvoudige wijze is waarmee de kwaliteit van röntgenfoto’s en behandeling van 
fracturen van de enkel kan worden verbeterd. 
 In hoofdstuk vier worden de incidentie en de etiologie van nonunion (het 
niet genezen van de breuk) na een stabiele type B enkelfractuur onderzocht. Er is 
weinig bekend in de literatuur over nonunion bij stabiele enkelfracturen (omdat 
deze bijna altijd genezen). Een belangrijke studie uit 1971 toonde aan dat nonunion 
was geassocieerd met fracturen van de mediale malleolus, fracturen van het 
supinatie type en varus verplaatsing van de talus. We weten dat slijtage van de 
enkel veel vaker voorkomt na een nonunion. We gebruikten een prospectief 
elektronisch medisch registratie systeem om alle patiënten met een nonunion na 
een conservatief behandelde type B enkelfractuur te identificeren gedurende een 
periode van 8,5 jaar. Items die werden beoordeeld waren betroffen patiënt 
karateristieken, de anamnese, bevindingen bij lichamelijk onderzoek en 
radiologische kenmerken waarvan bekend is dat ze relevant zijn 
fractuurclassificatie. Tot slot werden ook aspecten van de behandeling bekeken. 
Tijdens de periode van 8.5 jaar waren er 388 patiënten met een geïsoleerde 
laterale malleolus fractuur (OTA type B), een deel hiervan werd beschouwd als 
stabiel en ondergingen daarom een niet-chirurgische behandelding. Van deze 
conservatief behandelde patiënten waren er 8 (2,1% van 388 patienten) die een 
nonunion ontwikkelden. De belangrijkste klacht bij alle patiënten ten tijde van de 
diagnose nonunion was aanhoudende pijn. Behalve één patiënt ondergingen alle 
patiënten een operatie om de nonunion te corrigeren. Achteraf gezien, waren de 
patient karateristieken, anamnese en lichamelijk onderzoek niet van 
doorslaggevende waarde bij het voorspellen van een nonunion (met uitzondering 
van 1 patiënt met pijn aan de mediale malleolus). Aspecten van behandeling waren 
ook niet bijdragend. Echter, bij zes patiënten tijdens de conservatieve behandeling 
van de breuk waren er uitdrukkelijke aanwijzingen voor instabiliteit bij 
beeldvormend onderzoek (in de zin van additioneel mediaal letsel). Indien de 
klinische symptomen en radiografische kenmerken werden gecombineerd, was de 
aanwezigheid van additioneel mediaal letsel (naast alleen lateraal letsel) als uiting 
van instabiliteit in 7 van de 8 patiënten initieel niet juist onderkent.  
 Hoofdstuk vijf is een serie van 19 patiënten met een geïsoleerde achterste 
malleolus enkelfractuur die 20 jaar vervolgd zijn. Geïsoleerde posterieure malleolus 
fracturen zijn zeldzaam met een geschatte incidentie onder enkelfracturen van 
0,5%. Een achterste malleolus fractuur kan zowel het gevolg zijn van een rotatie 
letsel van de achterste syndesmose, bijvoorbeeld een supinatie exorotatie type III 
letsel in de Lauge Hansen classificatie. Maar het kan ook het gevolg zijn van 
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plantaire hyperflexie gecombineerd met een axial loading. Anderen geloven dat dit 
letsel altijd een onderdeel is van een hoge fibulaire (Maisonneuve) fractuur, die 
niet zichtbaar is op een standaard enkelfoto. Er is discussie over de vraag of een 
posterieure malleolus fractuur op zichzelf kan bestaan of dat dit letsel altijd 
onderdeel van additioneel bandletsel. Sinds 1 januari 1985 heeft het Sint Elisabeth 
Ziekenhuis in Tilburg een prospectieve registratie van alle ongevalpatiënten die 
daar behandeld worden behandeld. Vanuit deze database zijn alle patiënten met  
een geïsoleerde fractuur van de posterieure malleolus van de enkel gedurende een 
periode van 5 jaar (1985-1990) geincludeerd in deze studie voor retrospectieve 
analyse. Alle patiënten werden conservatief behandeld (zonodig) door het zetten 
van de fractuur en vervolgens aanleg van een gipsverband met de voet in neutrale 
stand gedurende zes weken (22 patienten) of met een tapebandage (2 patienten). 
Een week na het ongeval werd een tweede röntgenfoto gemaakt om te kijken of de 
fractuur was verplaatst. Na verwijdering van het gips of tape, werd een derde 
röntgenfoto gemaakt. Bij follow-up was één patiënt overleden, één patiënt wilde 
niet meedoen met het onderzoek en drie patiënten konden niet meer gevonden 
worden. De klachten van de deelnemers werden geëvalueerd met de Olerud en 
Molander score (vragenlijst), beweeglijkheid van de enkel (ROM) en er werd een 
röntgenfoto gemaakt waarbij werd gekeken naar de slijtage, anatomische positie 
(Cedell) en mediale gewrichtspleet verbreding. Op het moment van trauma hadden 
alle patiënten op één na pijn bij palpatie van de ventrale of mediale zijde van de 
enkel. Dit wijst op additioneel ligamentair letsel. De mediane verplaatsing van het 
achterste fragment voor het zetten van de fractuur was 4 mm en gemiddelde 
fragmentgrootte als percentage van het tibiale plafond gemeten op een laterale 
(zijwaardse) röntgenfoto was 12%. Er waren geen complicaties van de behandeling. 
Na 20 jaar waren 19 van de 23 levende patiënten beschikbaar voor follow up. De 
mediane Olerud en Molander score bedroeg 100 punten. Tien patiënten (53%) 
hadden een uitstekend resultaat, vier (21%) een goed resultaat en vijf patiënten 
(26%) hadden een matig resultaat. De beweeglijkheid van de enkel was uitstekend 
in 12 patiënten (63%), goed bij zes (32%) patiënten en matig bij één patiënt (5%). 
Mediale gewrichtspleet verbreding was uitstekend bij zes patiënten (32%) en 'goed' 
bij 13 patiënten (68%). Met betrekking tot slijtage was er een uitstekende score bij 
zeven patiënten (37%), een goede score bij (58%) en een matige score bij één 
patiënt (5%). De anatomische positie (Cedell score) was uitstekend bij negen 
patiënten (47%), bij zeven (37%) een goed en bij drie (16%) een matig resultaat. 
Geen van de patiënten scoorde een slecht resultaat op één van de uitkomst maten. 
Bij de beoordeling van de Cedell score van alleen voor de achterste malleolus was 
het resultaat was uitstekend of goed in 95% van de patiënten(n = 18). Het totale 
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patiënt cohort van de 5-jarige periode betrof 388 patiënten. Met 24 patiënten 
komt de incidentie van dit letsel op 4% en dat is veel hoger dan in de beschikbare 
literatuur bekend is. Samenvattend is de lange termijn prognose van de 
conservatieve behandeling uitstekend of goed en radiologisch ernstige slijtage 
werd niet waargenomen. 
 Hoofdstuk zes gaat over pronatie externe rotatie (PER) letsels in de Lauge-
Hansen classificatie. Deze fracturen zijn ook bekend als Weber C of OTA type C 
fracturen en zijn goed voor ongeveer 20% van alle enkelfracturen. Alle 
enkelfracturen in het St. Elisabeth ziekenhuis worden behandeld volgens protocol. 
Deze studie toont de resultaten op lange termijn (mediaan, 22 jaar) van 
geprotocolleerde behandeling in 98 PER type III-IV fracturen bij volwassenen 
behandeld tussen 1 januari 1985 en 1 januari 1990. Volgens het protocol werden 
stabiele fracturen conservatief behandeld. Stabiliteit werd bepaald door tibio-
talaire congruentie. Gebruikte uitkomstmaten waren (1) het functioneel resultaat 
volgens een vragenlijst (Olerud score), (2) lichamelijk onderzoek (beweeglijkheid 
van de enkel), (3) functiebeperking volgens de AMA Guides, en (4) radiografische 
evaluatie (Cedell score, mediale gewrichtspleet verbreding en slijtage (arthrose). 
Na 22 jaar follow up deden 95% van de nog levende patiënten mee met het 
onderzoek (n = 60). Slechts 4 patiënten hadden een duidelijk PER type III letsel, 
waarvan 2 geopereerd werden. Drie van de vijf patiënten waarbij het letsel niet 
eenduidig te definiëren was (type III danwel type IV) werden operatief behandeld. 
Eenenvijftig patiënten (85%) had een PER IV letsel en 46 van deze patiënten (90%) 
ondergingen een operatie. Negen patiënten werden conservatief behandeld omdat 
de mediale gewrichtspleet verbreding minder dan 2 mm was. De resterende 51 
patiënten (85%) chirurgisch behandeld. Ondanks het protocol werden 9 patiënten 
met tibiotalaire congruentie (mediale gewrichtspleet verbreding ≤ 2 mm) onterecht 
operatief behandeld. De redenen om van het protocol af te wijken zijn niet bekend. 
De mediane Olerud score was 98. Vijfenvijftig (90%) van de 60 patiënten scoorde 
een uitstekend of goed resultaat. De beweeglijkheid van de enkel was uitstekend of 
goed in 51 (88%) van de 58 patiënten. Wat betreft slijtage hadden 46 (78%) van 59 
patiënten een uitstekend of goed resultaat. In 50 (85%) van 59 patiënten was de 
mediale gewrichtspleet verbreding ≤ 1 mm. Volgens de Cedell score scoorden 49 
(83%) van de 59 patiënten een uitstekend of goed resultaat. Er was een correlatie 
tussen de Olerud score ten tijde van het ongeval en de klinische bevindingen 
tijdens follow up 22 jaar. De mediane Olerud score voor conservatief behandelde 
patiënten was 100, terwijl de mediane Olerud score voor operatief behandelde 
patienten 95 was. De functionele beperking als deel van de totale lichaamsfunctie 
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was 0% voor conservatief behandelde patiënten en varieerde tussen 0% en 3% 
voor het operatief behandelde patiënten (p = 0,02). Er waren geen statistische 
verschillen met betrekking tot de 5 uitkomstmaten tussen conservatief en operatief 
behandelde patiënten. We concluderen dat de lange-termijn resultaten van de 
chirurgische behandeling van PER enkelfracturen uitstekend tot goed is in de 
meerderheid van de patiënten. 
 Hoofdstuk zeven is een retrospectieve cohort studie over supinatie 
externe rotatie (SER) letsels. SER letsel zijn ook bekend als Weber B of OTA type B 
enkelfracturen. De studie toont de resultaten na 21 jaar van geprotocolleerde 
behandeling in 148 SER type II-IV fracturen bij volwassenen behandeld tussen 1 
januari 1985 en 1 januari 1990. Volgens het protocol werden stabiele fracturen 
(dwz fracturen met tibiotalaire congruentie zonder teken van een deltoideus 
ligament ruptuur of mediale malleolus fractuur) conservatief behandeld. Gebruikte 
uitkomstmaten waren (1) het functioneel resultaat volgens een vragenlijst (Olerud 
score), (2) lichamelijk onderzoek (beweeglijkheid van de enkel), (3) 
functiebeperking volgens de AMA Guides, en (4) radiografische evaluatie (Cedell 
score, mediale gewrichtspleet verbreding en slijtage (arthrose)). Niet-operatieve 
behandeling met behulp van gips-immobilisatie werd uitgevoerd in 62 (42%) 
patiënten. Binnen deze groep hadden 55 patiënten een mediale gewrichtspleet 
verbreding van 2 mm of minder en zeven patiënten hadden een mediale 
gewrichtpleet verbreding van 3 mm of meer na het zetten van de breuk. Deze 
zeven patiënten werden niet chirurgisch behandeld in tegenstelling tot wat het 
protocol voorschreef als gevolg van algemene contra-indicaties voor chirurgie 
(hart- en longziekten). Operatieve behandeling werd uitgevoerd in 86 gevallen 
(58%). Eenenzestig breuken vertoonde een preoperatieve mediale gewrichtspleet 
verbreding van 3 mm of meer. Vijfentwintig patiënten met dislocatie van 2 mm of 
minder werden operatief behandeld in tegenstelling tot wat het protocol 
voorschreef. De beweegredenen hiervoor zijn onbekend. Honderd vijfendertig van 
146 patiënten (93%) scoorde een goed resultaat. De beweeglijkheid van de enkel 
was uitstekend of goed in 97%. Voor slijtage scoorde 79% een uitstekende of goed 
resultaat. In 92% was de mediale gewrichtspleetverbreding 1 mm of minder. 
Volgens de anatomische score van Cedell hadden 76% een uitstekend of goed 
resultaat. Voor patiënten met een SER type II-III letsel was de mediane Olerud 
score 100. Voor de andere parameters werd een goed of uitstekend resultaat werd 
gescoord in 97% (beweeglijkheid van de enkel), 92% (slijtage), 99% (mediale 
gewrichtspleet verbreding) en 92% (Cedell score). Functiebeperking varieert tussen 
0% en 6% van de totale lichaamsfunctie. De 26 operatief behandelde patiënten met 
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een SER type II-III letsel scoorden even goed als de 55 conservatief behandelde 
patiënten met SER type II-III letsel. Voor patiënten met een SER type IV letsel was 
de mediane Olerud score 95. Voor de andere parameters was sprake van een goed 
of uitstekend resultaat in 97% (beweeglijkheid van de enkel), 65% (slijtage), 85% 
(mediale gewrichtspleet verbreding) en 59% (Cedell score). Functiebeperking van 
de totale lichaamsfunctie varieert tussen 0% en 16%. Van de patienten met een 
SER type IV letsel ontwikkelden vijf patiënten ernstige slijtage waarvoor het 
uiteindelijk nodig was om de enkel vast te zetten. Alle vijf de patienten waren 
initieel al geopereerd. Statistische analyse toonde geen verschillen in uitkomst 
tussen de drie typen fracturen. Functieverlies op lange termijn als percentage van 
totale lichaamsfunctie varieerde aanzienlijk tussen de verschillende soorten 
fracturen (P <0,001). We concluderen dat de lange termijn resultaten van de 
chirurgische behandeling van SER type II-IV enkelfracturen een uitstekend of goed 
resultaat opleveren in de meerderheid van de patiënten en deze behandeling lijkt 
daarom gerechtvaardigd. Hoewel extra schade van de omliggende weke delen bij 
een operatie niet te voorkomen is, beïnvloed dit de uitkomsten op lange tijd niet 
negatief.  
In hoofdstuk acht wordt de rol van talar rotatie in supinatie externe rotatie 
fracturen onderzocht in een kadaver studie. Een mediale gewrichtspleet verbreding 
van meer dan 2 mm op de röntgenfoto wordt beschouwd als een 'instabiele' 
fractuur en de gedachte is dat de fractuur dan chirurgisch moet worden behandeld. 
Uit experimenteel onderzoek is gebleken dat een laterale talaire verplaatsing van 
slechts 1 mm het contactvlak tussen talus en tibia zodanig veranderd dat de 
toegenomen piekbelastingen op het kraakbeen uiteindelijk kan leiden 
symptomatische artrose. Aangenomen wordt dat tibio-talaire congruentie bijna 
uitsluitend wordt bepaald door het deltoid ligament. Op dit moment is de 
rechtvaardiging om een supinatie externe rotatie (SER) enkelfractuur chirurgisch te 
behandelen bijna uitsluitend afhankelijk van de mediale gewrichtspleet verbreding 
zichtbaar op een röntgenfoto. Deze studie heeft tot doel het effect van talaire 
rotatie op de mediale gewrichtspleet verbreding, fibulaire dislocatie en tibio-talaire 
incongruentie te onderzoeken bij SER enkelfracturen in zes kadaver benen. SER 
verwondingen waren stapsgewijs toegebracht. In elke fase werd een standaard 
kracht toegepast in plantairflexie, dorsaalflexie, interne rotatie, externe rotatie en 
gecombineerde dorsaalflexie en externe rotatie. De verschillende posities in alle 
verschillende stadia van SER letsels werd gedocumenteerd met CT en 
röntgenfoto's. Röntgenfoto's met een mediale gewrichtspleet verbreding van twee 
mm of meer hadden een significant ernstiger talaire rotatie (7,53° ten opzichte van 
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23,68°, p <0,001, student t-test). Een mediale gewrichtspleet verbreding van twee 
mm of meer werd slechts 19 keer waargenomen. Een gemiddelde talaire rotatie 
van bijna 8° (SD 13,52°) in 161 röntgenfoto’s kwam niet tot uiting in een mediale 
gewrichtspleet verbreding van twee mm of meer op röntgenfoto's. Onder deze 161 
röntgenfoto's waren 50 SER type IV verwondingen. Talaire rotatie werd 
gecorreleerd met dorsolaterale fibulaire dislocatie. We concluderen dat externe 
talaire rotatie kan resulteren in een ogenschijnlijk normale mediale gewrichtspleet 
op conventionele twee-dimensionale röntgenfoto's, maar wel gemakkelijk is te 
detecteren met CT. Deze studie heeft aangetoond dat de rationale voor 
diagnostische en therapeutische protocollen mogelijk kan veranderen, zodat niet 
langer operatieve, maar conservatieve behandeling moet worden verantwoord 
doormiddel van de afwezigheid van talaire rotatie op een CT-scan.  
Hoofdstuk negen is een algemene discussie die zich bezighoudt met sterke 
en zwakke punten van dit proefschrift en geeft een aantal ideeën weer voor verder 
onderzoek. 
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Ankle Fractures; Clinical and Experimental Studies 
This thesis deals with different aspects of the treatment of ankle 
fractures in adults. Research in this thesis shows there are limited 
studies available randomizing between surgical or non-surgical 
treatment of ankle fractures in adults. Therefore it is not possible to 
conclude whether patients with an ankle fracture should be treated 
surgical or non-surgical. Despite the lack of high quality evidence, it 
seems that the majority of patients with an ankle fracture have a 
good or excellent outcome after 20 years. However, a small 
proportion of patients with a stable ankle fracture treated non-
surgically develops a non-union. In all these cases there was a 
underestimation of the instability of the fracture. An aid to prevent 
this and to improve the quality of standard radiographs is a simple 
and cheap plexiglass mould. Preliminary biomechanical data indicates 
a gross deficiency in the use of standard radiographs to determine 
talar rotation. A CT-scan can easily disclose this talar rotation.  
 
